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Well Northing Easting Screened Interval
(feet bgs)



Depth to
Groundwater from 



Reference Elevation       
(feet bgs)



Reference Elevation 
(feet bgs)



Water Level 
Elevation (feet msl)



MW-1 1767001.0 6470666.0 63 - 73 53.05 42.77 -10.28
MW-2 1767431.0 6470241.0 66.7 - 76.7 59.02 48.73 -10.29
MW-3 1767425.0 6469733.0 64.4 - 74.4 57.80 47.41 -10.39
MW-4 1767689.0 6470127.0 64.9 - 74.9 57.00 46.69 -10.31
MW-5 1767602.0 6470682.0 61.5 - 72.5 55.24 44.95 -10.29
MW-6 1766917.0 6470220.0 65 - 80 55.94 45.68 -10.26
MW-7 1766911.0 6469647.0 65 - 80 57.48 47.42 -10.06
MW-8 1767946.0 6469440.0 65 - 80 65.11 55.29 -9.82
MW-9 1767929.0 6470407.0 66 - 81 60.75 50.47 -10.28
MW-10 1768042.0 6470937.0 62 - 77 53.43 43.20 -10.23
MW-11 1767320.0 6470889.0 62 - 77 52.98 42.69 -10.29
MW-12 1767319.0 6471289.0 61 - 76 50.46 40.17 -10.29
MW-13 1766908.0 6471218.0 62 - 77 52.82 42.34 -10.48
MW-14 1766629.0 6470964.0 58 - 73 53.41 43.12 -10.29
MW-16 1765848.0 6469761.0 59 - 76 51.39 41.31 -10.08
MW-17 1766685.0 6469336.0 65 - 81 58.10 48.18 -9.92
MW-19 1768538.0 6470722.0 63 - 79 56.76 46.65 -10.11
MW-20 1768459.0 6471636.0 57 - 73 NM 43.06 NM
MW-21 1767907.0 6471985.0 54 - 70 46.09 36.56 -10.26
MW-22 1765594.0 6470230.0 57 - 73 52.16 41.85 -10.31
MW-23 1765783.0 6472078.0 60 - 75 46.81 36.35 -10.46
MW-24 1765641.0 6471430.0 49 - 64 33.00 22.40 -10.60
MW-25 1764840.0 6471681.0 56 - 71 43.05 31.98 -11.07
MW-26 1765603.0 6470880.0 59 - 74 49.38 39.17 -10.21
MW-27 1768047.0 6471344.0 59 - 75 50.80 40.50 -10.30
MW-28 1767659.0 6471854.0 54-71 50.27 39.70 -10.57
MW-29 1766922.0 6471830.0 57 - 73 49.31 38.87 -10.44
MW-30 1766267.0 6471695.0 54 - 70 47.75 37.59 -10.16
MW-31 1767149.0 6469128.0 64.5 - 79.5 64.58 54.67 -9.91
UBE-1 1767467.0 6470255.0 60.7 - 90.7 59.71 49.35 -10.36
UBE-2 1767535.0 6470398.0 72 - 82 55.99 45.78 -10.21
UBE-3 1767304.0 6470373.0 68 - 88 55.34 44.86 -10.48
UBE-4 1767629.0 6470371.0 62 - 92 56.83 46.56 -10.27
UBE-5 1767347.0 6470514.0 75 - 85 57.89 47.42 -10.47
UBT-1 1767444.0 6470232.0 60 - 91 59.45 49.05 -10.40
UBT-2 1767437.0 6470246.0 50 - 91 59.61 49.19 -10.42
UBT-3 1767473.0 6470262.0 60 - 91 59.71 49.31 -10.40
UBI-1 1767598.0 6470093.0 45 - 90 56.63 46.47 -10.16
UBI-2 1767666.0 6470165.0 45 - 90 56.85 46.69 -10.16
UBA-EW-1 1767031.5 6470466.3 53-93 48.30 38.07 -10.23
UBA-EW-3 1766342.3 6470864.3 50-80 49.06 38.59 -10.47
MBFB-EW-1 1766640.5 6470927.1 62-77 48.20 37.75 -10.45
MBFB-OW-1 1767110.0 6468135.0 80 - 96 64.10 54.71 -9.39



SWL0049 1766313.8 6470999.2 42 - 62 43.00 32.50 -10.50
PZL0025 1766637.2 6472096.3 43.5 - 63.5 47.08 38.68 -8.40



UBF/Water Table Montrose-Owned Wells



UBF/Water Table Del Amo-Owned Wells
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Well Northing Easting Screened Interval
(feet bgs)



Depth to
Groundwater from 



Reference Elevation       
(feet bgs)



Reference Elevation 
(feet bgs)



Water Level 
Elevation (feet msl)



   
BF-1 1767593.7 6469829.4 113.5 - 124 58.85 48.33 -10.52
BF-2 1767168.5 6470195.0 114 - 124.5 59.67 49.50 -10.17
BF-3 1767474.6 6470477.0 113.5 - 124 58.84 48.27 -10.57
BF-4 1767209.5 6470494.1 112 - 123 57.95 47.64 -10.31
BF-5 1767330.9 6471297.6 122 - 132 50.00 39.37 -10.63
BF-6 1766907.2 6471204.2 115 - 125 52.23 41.70 -10.53
BF-7 1766629.0 6470946.2 106 - 116 53.2 42.59 -10.61
BF-9 1767440.4 6470241.9 107 - 128 59.10 48.69 -10.41
BF-10 1765561.9 6473090.8 120 - 130 40.17 28.67 -11.50
BF-11 1763515.1 6472386.0 104 - 124 45.64 33.66 -11.98
BF-12 1764101.9 6473358.0 110 - 120 34.49 22.20 -12.29
BF-13 1766578.6 6473187.2 117 - 137 40.61 29.52 -11.09
BF-14 1765763.3 6472054.4 111 - 121 47.3 36.30 -11.00
BF-15 1765641.3 6471441.0 98 - 113 33.69 22.82 -10.87
BF-16 1763461.8 6471860.8 103 - 124 46.89 35.31 -11.58
BF-17 1763817.0 6473002.0 100 - 120 34.75 22.67 -12.08
BF-19 1768046.8 6471330.9 128 - 133 51.05 40.44 -10.61
BF-20 1766707.3 6469336.4 110 - 129 58.61 48.33 -10.28
BF-21 1764784.8 6470681.1 96 - 121 50.43 39.67 -10.76
BF-22 1763265.1 6471470.1 87 - 117 45.78 34.29 -11.49
BF-23 1766107.0 6472439.6 101 - 116 36.69 25.93 -10.76
BF-24 1764492.8 6472165.2 96 - 121 42.62 31.18 -11.44
BF-25 1762675.8 6473358.3 94 - 104 35.98 23.70 -12.28
BF-26 1762187.8 6473650.7 90 - 105 48.1 35.48 -12.62
BF-27 1762195.6 6473093.7 101 - 121 36.54 24.18 -12.36
BF-28 1762866.4 6474076.9 92 - 110 46.41 33.84 -12.57
BF-29 1764267.9 6470038.4 100 - 120 50.72 39.62 -11.10
BF-30 1762874.7 6470961.8 82 - 113 35.86 24.58 -11.28
BF-31 1763812.0 6469369.8 105 - 135 48.33 37.55 -10.78
BF-32A** 1765704.0 6468400.0 65 - 115 60.57 50.81 -9.76
BF-33** 1763047.0 6468187.0 60 - 100 46.50 35.98 -10.52
BF-34 1767699.0 6469469.0 106 - 126 66.01 55.54 -10.47
BF-35 1768012.0 6470273.0 105.5 - 126 60.92 50.34 -10.58
BF-36 1762458.0 6475580.0 111 - 126 48.09 34.65 -13.44
BF-IW-1 1767145.0 6468136.0 106.9 - 125 65.17 55.13 -10.04
BF-IW-2 1765087.0 6473751.0 61.5 - 144 33.68 21.43 -12.25
BF-EW-1 1766650.0 6470901.7 85 - 128 46.79 36.14 -10.65
BF-EW-2 1764201.3 6472152.8 69.1 - 125 34.89 23.27 -11.62
BF-EW-3 1764981.9 6471337.3 60-120 30.29 19.12 -11.17
BF-EW-4 1763305.7 6472464.8 66-126 40.33 28.42 -11.91
BF-EW-5 1767019.2 6470443.1 108-128 48.43 38.24 -10.19
BF-OW-1 1767110.0 6468135.0 110 - 122 64.41 54.63 -9.78
BF-OW-3 1764310.0 6472153.0 70 - 120 40.64 29.32 -11.32
BF-OW-4 1764290.0 6470639.0 138 - 173 52.21 41.20 -11.01
BF-OW-3 1764310.0 6472153.0 70 - 120 40.26 29.32 -10.94
BF-OW-4 1764290.0 6470639.0 138 - 173 52.05 41.20 -10.85
LBF-OW-2 # 1766656.0 6470924.0 135 - 137 52.97 41.80 -11.17
LBF-OW-3 # 1764310.0 6472153.0 134 - 136 42.11 29.34 -12.77
PZ-1 1763312.0 6471533.0 75 - 115 46.48 34.95 -11.53
PZ-2 1762195.0 6473139.0 65 - 115 37.02 24.72 -12.30
PZ-3 1762924.0 6474023.0 40 - 70 46.45 33.93 -12.52



SWL0027 1765075.7 6473730.2 119.3 - 135 33.98 22.07 -11.91
SWL0033# 1766277.4 6472042.1 124.3 - 140 47.75 33.75 -14.00
SWL0058 1767036.5 6472006.6 118.1 - 127.7 30.12 40.67 -10.55
G-O2WC 1766325.0 6473073.3 80 - 90 37.91 26.85 -11.06



MBFC Montrose-Owned Wells



MBFC Del Amo Owned Wells
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Well Northing Easting Screened Interval
(feet bgs)



Depth to
Groundwater from 



Reference Elevation       
(feet bgs)



Reference Elevation 
(feet bgs)



Water Level 
Elevation (feet msl)



   
G-1 1767682.9 6470099.7 140.5 - 161 58.14 46.66 -11.48
G-2 1767087.9 6470673.7 155 - 175.5 55.11 43.26 -11.85
G-3 1767168.6 6470158.0 145.5 - 166 61.08 49.70 -11.38
G-4 1767331.8 6471310.6 154 - 194 51.72 39.70 -12.02
G-5 1766906.2 6471186.2 151 - 190 53.59 41.71 -11.88
G-6 1766628.9 6470964.2 149 - 190 54.36 42.53 -11.83
G-8 1765641.3 6471451.0 140 - 180 34.80 22.52 -12.28
G-9 1765575.9 6473090.9 171 - 213 41.70 28.58 -13.12
G-11 1766578.6 6473197.2 177 - 217 38.53 25.17 -13.36
G-12 1766143.1 6472427.7 158 - 198 38.62 25.85 -12.77
G-13 1765787.3 6472054.5 157 - 197 48.65 36.09 -12.56
G-14 1768040.9 6471292.9 155 - 195 52.65 40.62 -12.03
G-15 1766763.1 6469998.6 142 - 182 59.89 48.71 -11.18
G-16 1765629.6 6471049.9 145 - 185 49.20 37.10 -12.10
G-17 1766922.5 6472314.3 172 - 212 48.25 35.99 -12.26
G-18 1764836.3 6473238.4 161 - 201 34.85 21.70 -13.15
G-19A 1764749.0 6472438.1 160 - 200 48.11 35.23 -12.88
G-20 1767698.0 6469488.0 155 - 175 66.35 55.33 -11.02
G-21 1768012.0 6470519.0 149 - 169 59.46 47.67 -11.79
G-22 1763886.0 6473268.0 152 - 192 36.95 24.22 -12.73
G-23 1763657.0 6472398.0 148 - 178 47.41 34.83 -12.58
G-24 1764757.0 6470681.0 138.3 - 178.3 51.98 40.40 -11.58
G-25 1765603.0 6469340.0 124 - 164 56.67 46.06 -10.61
G-26 1763544.0 6470301.0 132 - 172 46.75 35.72 -11.03
G-27 1762885.0 6471795.0 124 - 164 36.51 24.52 -11.99
G-28 1762189.0 6473638.0 148 - 188 48.88 35.54 -13.34
G-29 1762931.0 6474905.0 157 - 197 49.97 35.42 -14.55
G-30 1763761.0 6468585.0 135 - 165 55.55 44.96 -10.59
G-31 1760760.0 6476041.0 145 - 175 52.92 36.60 -16.32
G-32 1762108.0 6476388.0 160 - 190 49.57 32.68 -16.89
G-33 1765698.0 6468401.0 143 - 173 60.65 50.14 -10.51
G-34 1760638.0 6473574.0 147 - 187 52.65 39.44 -13.21
G-35 1763463.0 6473727.9 150 - 190 44.62 32.07 -12.55
G-EW-1 1766669.0 6470895.0 144 - 198 47.74 35.89 -11.85
G-EW-2 1763875.0 6473281.0 146 - 176 32.20 19.42 -12.78
G-EW-3 1764290.0 6470596.0 135 - 173 47.87 36.30 -11.57
G-EW-4 1765619.7 6472157.3 160-200 46.02 33.19 -12.83
G-IW-1 1767186.0 6468136.0 138 - 163 60.35 49.80 -10.55
G-IW-2 1766760.0 6473365.0 173 - 214 41.75 28.18 -13.57
G-IW-3 1767693.7 6468014.8 144-194 57.25 46.76 -10.49
G-IW-4 1766816.9 6473296.6 175-215 41.96 28.60 -13.36
G-IW-5 1766643.3 6473398.5 170-210 40.61 27.24 -13.37
G-IW-7 1767503.5 6468137.5 140-195 60.15 49.61 -10.54
G-OW-1 1767110.0 6468135.0 140 - 185 65.14 54.80 -10.34
G-OW-3 1764310.0 6472153.0 145 - 155 41.98 29.32 -12.66
G-OW-4 1764290.0 6470639.0 138 - 173 52.84 41.20 -11.64
LG-1 1767038.0 6470673.0 88.5 - 209 54.94 43.26 -11.68
LG-2 1767319.0 6470380.0 185 - 205 56.20 44.61 -11.59



Gage Aquifer  Montrose-Owned Wells
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Well Northing Easting Screened Interval
(feet bgs)



Depth to
Groundwater from 



Reference Elevation       
(feet bgs)



Reference Elevation 
(feet bgs)



Water Level 
Elevation (feet msl)



   
SWL0034 1766291.0 6472041.0 160-176 46.38 36.02 -10.36
SWL0026 1765084.7 6473735.3 195 - 210.8 35.75 22.47 -13.28
SWL0063 1767683.3 6472309.2 172.7 - 187.7 38.23 50.80   -12.57



LW-01 1767335.0 6470378.0 230 - 250 66.49 45.02 -21.47
LW-02 1766910.0 6471266.0 232 - 252 63.55 42.07 -21.48
LW-03 1768041.0 6471311.0 238 - 259 62.00 40.33 -21.67
LW-04 1766629.0 6470913.0 225 - 245 64.10 42.64 -21.46
LW-05 1767675.0 6470116.0 230 - 250 67.68 46.25 -21.43
LW-06 1767580.0 6470682.0 235 - 255 65.65 44.25 -21.40
LW-07 1767188.0 6470176.0 230 - 250 69.99 48.68 -21.31
Notes:
*corrected for LNAPL
** Wells screened across more than one aquifer
# well is screened in the Lower Bellflower 
Only wells gauged as part of the Montrose MACP are shown. 
bgs      below ground surface
msl       mean sea level
TOC = Top of Casing 
Horizontal Datum:  North American Datum of 1983 (NAD83)
Vertical Datum:  National Geodetic Vertical Datum of 1929 (NGVD29)



Lynwood Aquifer Montrose-Owned Wells



Gage Del Almo-Owned Wells











Table 2 Sampling Matrix
2014 Baseline Monitoring and Aquifer Compliance Report



Montrose Superfund Site
20201 S. Normandie Avenue, Los Angeles, California



VOCs + FO pCBSA



8260B Mod. 314.0



Day 1 -- TB TB-20140903 -- -- 3 --
Wednesday -- EB EB-20140903 -- -- 3 1
9/3/2014 G-28 N G-28-20140903 -- 214th, E of Vermont 4 1
Lab SDG: BF-28 N BF-28-20140903 -- W Clarion, E of Vermont 4 1
14-09-0173 BF-27 N BF-27-20140903 X 214th, W of Vermont 8 2



SWL0027 N SWL0027-20140903 -- AlpineVillage; Torr Blvd/Vermont 4 1
G-18 N G-18-20140903 -- Brody Ave, S of Torr Blvd 4 1



SWL0026 N SWL0026-20140903 -- AlpineVillage; Torr Blvd/Vermont 4 1
G-19A N G-19A-20140903 -- Catalina, S of Torr Blvd 4 1
BF-22 N BF-22-20140903 -- 212th, W of Royal 4 1



Day 2 -- TB TB-20140904 -- -- 3 --
Thursday -- EB EB-20140904 -- -- 3 1
9/4/2014 G-32 N G-32-20140904 -- Nicolle, S of W 214th 4 1
Lab SDG: G-27 N G-27-20140904 X Clarion Dr, W of Budlong 8 2
14-09-0312 BF-25 N BF-25-20140904 -- Doble & Clarion 4 1



G-35 N G-35-20140904 -- S Van Deene, S of Javelin 4 1
G-29 N G-29-20140904 -- Peace Apostlic Church 4 1



MW-26 N MW-26-20140904 X Milton, E of Normandie 8 2
BF-10 N BF-10-20140904 -- New Hampshire, S of Milton 4 1
G-9 N G-9-20140904 -- New Hampshire, S of Milton 4 1



N G-26-20140904 -- 3 1
FD G-2600-20140904 -- 3 1



G-24 N G-24-20140904 -- Normandie IN - S of Tor Blvd 4 1
BF-21 N BF-21-20140904 -- Normandie IN - S of Tor Blvd 4 1
BF-17 N BF-17-20140904 -- New Hampshire, W of Javelin 4 1



N BF-15-20140904 -- 4 1
FD BF-1500-20140904 -- 4 1



Day 3 -- TB TB-20140905 -- -- 3 --
Friday -- EB EB-20140905 -- -- 3 1
9/5/2014 G-23 N G-23-20140905 -- Berendo, N of 212th 4 1
Lab SDG      14-
09-0448 MW-23 N MW-23-20140905 -- Budlong, N of Milton 4 1



MW-24 N MW-24-20140905 -- Milton, E of Kenwood 4 1
MW-30 N MW-30-20140905 -- Raymond, S of 204th 4 1



N MW-9-20140905 -- 4 1
FD MW-900-20140905 -- 4 1



BF-14 N BF-14-20140905 -- Budlong, N of Milton 4 1
G-OW-3 N G-OW-3-20140905 -- Royal, N of 210th 4 1



N G-13-20140905 -- 4 1
FD G-1300-20140905 -- 4 1



BF-16 N BF-16-20140905 -- Budlong, N of 212th 4 1
SWL0033 N SWL0033-20140905 -- Budlong, S of 204th 4 1
SWL0034 N SWL0034-20140905 -- Budlong & 204th 4 1



BF-24 N BF-24-20140905 -- 209th, E of Royal 4 1



G-13 Budlong, N of Milton



BF-15 Milton, E of Kenwood



MW-9 GLJ



G-26 211th, W of Brighton



Well and Sample Information Laboratory Analysis Information



Schedule Well
Sample 



Type Field Sample
MS/ 
MSD Location
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Table 2 Sampling Matrix
2014 Baseline Monitoring and Aquifer Compliance Report



Montrose Superfund Site
20201 S. Normandie Avenue, Los Angeles, California



VOCs + FO pCBSA



8260B Mod. 314.0



Well and Sample Information Laboratory Analysis Information



Schedule Well
Sample 



Type Field Sample
MS/ 
MSD Location



Day 4 -- TB TB-20140908 -- -- 3 --
Monday -- EB EB-20140908 -- -- 3 1
9/8/2014 BF-30 N BF-30-20140908 -- Clarion Dr, E of Normandie 4 1
Lab SDG: MW-10 N MW-10-20140908 -- Francisco, E of Normandie 4 1
14-09-0556 BF-23 N BF-23-20140908 -- Catalina, N of Milton 4 1



MW-5 N MW-5-20140908 -- Montrose 4 1
G-12 N G-12-20140908 -- Catalina, N of Milton 4 1
BF-3 N BF-3-20140908 -- Montrose 4 1



Lab SDG: MWC021 B N MWC021-20140908 -- FMR Boeing Property -- 1
14-09-0555 PZL0025 A N PZL0025-20140908 -- WM -- 1



MWC017 B N MWC017-20140908 -- FMR Boeing Property -- 1
CMW001 B N CMW001-20140908 -- SunRider -- 1
CMW002 B N CMW002-20140908 -- GLJ -- 1



Lab SDG: -- TB TB-20140908- B -- -- 3 --
14-09-0554 MW-3 C N MW-3-20140908 -- Montrose FO only 1



N BF-1-20140908 -- Montrose FO only 1
FD BF-100-20140908 -- Montrose FO only 1



G-20 C N G-20-20140908 -- Frito Lay FO only 1
BF-34 C,D N BF-34-20140908 -- Frito Lay FO only --



G-OW-1 C,D N G-OW-3-20140908 -- MMB FO only --
BF-OW-1 C N BF-OW-1-20140908 -- MMB FO only 1



MBFB-OW-1 C,D N MBFB-OW-1-20140908 -- MMB FO only --
MW-8 C N MW-8-20140908 -- Verizon FO only 1
MW-31 C N MW-31-20140908 -- Frito Lay FO only 1
BL-13C C N BL-13C-20140908 -- Frito Lay FO only 1



Day 5 -- TB TB-20140909 -- -- 3 --
Tuesday -- EB EB-20140909 -- -- 3 1
9/9/2014 MW-19 N MW-19-20140909 -- SunRider 4 1
Lab SDG: MW-22 N MW-22-20140909 -- Prologis II , 4 1
14-09-0658 MW-16 N MW16-20140909 -- RockTenn 4 4



G-25 N G-25-20140909 -- Denker, S of 206th 4 1
BF-5 N BF-5-20140909 -- Jon St, E of Normandie 4 1
MW-6 N MW-6-20140909 -- LADWP-W 4 1
G-4 N G-4-20140909 -- Jon St, E of Normandie 4 1
G-8 N G-8-20140909 -- Milton, E of Kenwood 4 1
G-3 N G-3-20140909 -- Montrose 4 1



MW-11 N MW-11-20140909 -- Jon St, E of Normandie 4 1
N G-1-20140909 -- 4 1



FD G-100-20140909 -- 4 1
G-02WC A N G-02WC-20140909 -- Catalina, N of Milton -- 1



MW-12 N MW-12-20140909 -- Jon St, E of Normandie 4 1
BF-11 N BF-11-20140909 -- Berendo, N of 212th 4 1
MW-4 N MW-4-20140909 -- Montrose 4 1
BF-4 N BF-4-20140909 -- Montrose 4 1



Lab SDG: -- TB TB-20140909-B -- FO only --
14-09-0659 MW-17 C,D N MW-17-20140909 -- Denker; S of Del Amo FO only --



BF-20 C N BF-20-20140909 -- Denker; S of Del Amo FO only 1
MW-7 C,D N MW-7-20140909 -- LADWP-W FO only --



BF-1 C



G-1 Montrose 
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Table 2 Sampling Matrix
2014 Baseline Monitoring and Aquifer Compliance Report



Montrose Superfund Site
20201 S. Normandie Avenue, Los Angeles, California



VOCs + FO pCBSA



8260B Mod. 314.0



Well and Sample Information Laboratory Analysis Information



Schedule Well
Sample 



Type Field Sample
MS/ 
MSD Location



Day 6 -- TB TB-20140910 -- 3 --
Wednesday -- EB EB-20140910 -- 3 1
9/10/2014 SWL0063 A N SWL0063-20140910 -- Del Amo Superfund -- 1
Lab SDG: LW-2 N LW-2-20140910 X LADWP-E 8 2
14-09-0760 N LW-1-20140910 -- 4 1



FD LW-100-20140910 -- 4 1
BF-31 N BF-31-20140910 X Denker, S of 209th 8 2



N G-17-20140910 -- 4 1
FD G-1700-20140910 -- 4 1



G-5 N G-5-20140910 -- LADWP-E 4 1
G-2 N G-2-20140910 -- Montrose 4 1
BF-9 N BF-9-20140910 -- Montrose 4 1
BF-2 N BF-2-20140910 -- Montrose 4 1
MW-1 N MW-1-20140910 -- Montrose 4 1
MW-2 N MW-2-20140910 -- Montrose 4 1



Day 7 -- TB TB-20140911 -- -- 3 --
Thursday -- EB EB-20140911 -- -- 3 1
9/11/2014 LW-5 N LW-5-20140911 -- Montrose 4 1
Lab SDG: G-33 N G-33-20140911 -- 206th , E of Western 4 1
14-09-0943 G-30 N G-30-20140911 -- Harvard, N of 213th 8 1



G-21 N G-21-20140911 X Francisco, W of Normandie 8 2
MW-28 A N MW-28-20140911 -- Prologis -- 1



SWL0058 A N SWL0058-20140911 -- Prologis -- 1
BF-35 N BF-35-20140911 -- Francisco, W of Normandie 4 1



Day 8 -- TB TB-20140915 -- -- 3 --
Monday -- EB EB-20140915 -- -- 3 1
9/15/2014 LW-7 N LW-7-20140915 -- Montrose 4 1
Lab SDG: BF-32A N BF-32A-20140915 -- 206th, E of Western 4 1
14-09-1187 BF-19 N BF-19-20140915 -- Francisco, E of Normandie 4 1



G-14 N G-14-20140915 -- Francisco, E of Normandie 4 1
G-11 N G-11-20140915 -- Del Amo, W of Vermont 4 1



Day 9 -- TB TB-20140916 -- -- 3 --
Tuesday -- EB EB-20140916 -- -- 3 1
9/16/2014 G-16 N G-16-20140916 -- Milton, E of Normandie 4 1
Lab SDG: N LG-1-20140916 -- 4 1
14-09-1264 FD LG-100-20140916 -- 4 1



G-15 N G-15-20140916 -- Farmer Brothers 4 1
LG-2 N LG-2-20140916 -- Montrose 4 1
BF-29 N BF-29-20140916 -- Halldale, N of 209th 4 1



N BF-12-20140916 -- 4 1
FD BF-1200-20140916 -- 4 1



LG-1 Montrose 



BF-12 Linley, E of Doble



LW-1 Montrose 



G-17 LADWP-E
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Table 2 Sampling Matrix
2014 Baseline Monitoring and Aquifer Compliance Report



Montrose Superfund Site
20201 S. Normandie Avenue, Los Angeles, California



VOCs + FO pCBSA



8260B Mod. 314.0



Well and Sample Information Laboratory Analysis Information



Schedule Well
Sample 



Type Field Sample
MS/ 
MSD Location



Day 10 -- TB TB-20140918 -- -- 3 --
9/18/2014 -- EB EB-20140918 -- -- 4 1
Lab SDG:
14-09-1462
Day 11 -- TB TB-20140919 -- -- 3 --
9/19/2014 -- EB EB-20140919 -- -- 4 1
Lab SDG
14-09-1606
Day 12 -- TB TB-20140929 -- -- 3 --
9/29/2014
Lab SDGs:
440-89327-1
14-09-2424



Notes:
A Sample collected by URS on behalf of Shell, split sample collected for pCBSA only
B Sample collected by Avocet on behalf of Boeing, split sample collected for pCBSA only 
C Sample collected by Tetra Tech on behalf of ILM, split sample collected for pCBSA and Fuel Oxygenates
D Montrose well sampled by Tetra Tech, not apart of Montrose MACP. Split sample collected for FO only 
EB equipment blank
FD field duplicate
FO Fuel Oxygenates
MCB chlorobenzene
MS matrix spike



MSD matrix spike duplicate
N normal environmental sample
SDG Sample Data Group
VOCs Volatile Organic Compounds
TB trip blank



1N LW-4-20140919 -- WM Triangle 4



4 1



LW-6 N LW-6-20140918 Montrose -- 4



SWL0049 N SWL0049-20140929 -- 204th, E of Normandie



1



LW-4
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TABLE 3
Summary of VOC Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California
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Units µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
ISGS 70 5 5 5 1 NP 100 NP 5(a)



NP 600 17 5 0.5 6 6 5 700 6.2 150 5 NP 12 0.5 1750



MW-1 9/10/2014 100,000 1,300 180 J <250 2,400 <250 13,000 13,000 <500 <5,000 <250 <250 <250 120 J <250 <250 <250 <250 <500 (UJ) <250 <250 <500 <250 <250 <250
MW-2 9/10/2014 350,000 <1,000 <1,000 <1,000 <1,000 <1,000 31,000 31,000 <2,000 <20,000 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000 <2,000 (UJ) <1,000 <1,000 <2,000 <1,000 <1,000 <1,000
MW-3 9/8/2014 <0.17 110 140 <0.43 <0.14 <0.21 350 350 <0.64 -- <0.46 <0.40 1.5 <0.24 40 0.59 J <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
MW-3 9/8/2014 -- -- -- -- -- -- -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
MW-4 9/9/2014 960 94 510 <10 <10 <10 3,200 3,200 <20 <200 <10 <10 <10 <10 17 <10 <10 <10 <20 (UJ) <10 <10 <20 <10 <10 <10
MW-5 9/8/2014 19 170 3.3 <2.5 <2.5 <2.5 1,100 1,100 <5.0 <50 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 (UJ) <2.5 <2.5 <5.0 <2.5 <2.5 <2.5
MW-6 9/9/2014 <20 6,100 200 <20 <20 <20 710 710 <40 <400 <20 <20 15 J <20 36 35 <20 <20 <40 (UJ) <20 <20 <40 <20 <20 <20
MW-8 9/8/2014 <0.17 <0.39 2.8 <0.43 <0.14 <0.21 1.3 1.3 <0.64 -- <0.46 <0.40 <0.28 <0.24 <0.43 <0.48 <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
MW-8 9/8/2014 -- -- -- -- -- -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



9/5/2014 <10 43 5.4 J <10 <10 <10 3,000 3,000 <20 <200 <10 <10 <10 <10 <10 <10 <10 <10 <20 (UJ) <10 <10 <20 <10 <10 <10



09/05/2014(a) <10 43 6.2 J <10 <10 <10 3,000 3,000 <20 <200 <10 <10 <10 <10 <10 <10 <10 <10 <20 (UJ) <10 <10 <20 <10 <10 <10
MW-10 9/8/2014 <0.50 2.8 10 <0.50 <0.50 <0.50 11 11 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-11 9/9/2014 320 14 1.1 <1.0 0.66 J <1.0 0.46 J 0.46 J <2.0 <20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 (UJ) <1.0 <1.0 <2.0 <1.0 <1.0 <1.0
MW-12 9/9/2014 650 <2.0 <2.0 1.7 J 4.7 <2.0 <2.0 <2.0 <4.0 <40 <2.0 <2.0 <2.0 15 <2.0 <2.0 <2.0 <2.0 <4.0 (UJ) <2.0 <2.0 <4.0 <2.0 <2.0 <2.0
MW-16 9/9/2014 <0.50 13 300 <0.50 <0.50 <0.50 5.2 5.2 <1.0 <10 <0.50 <0.50 <0.50 <0.50 0.35 J 17 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-17 9/9/2014 -- -- -- -- -- -- -- -- -- 8.2 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
MW-19 9/9/2014 <0.50 0.30 J 3.9 <0.50 <0.50 <0.50 21 (J) 21 (J) <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-22 9/9/2014 <0.50 0.32 J 2.0 <0.50 <0.50 <0.50 18 18 <1.0 <10 <0.50 <0.50 <0.50 <0.50 0.31 J <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 68 0.75 J <0.50 <0.50 <0.50
MW-23 9/5/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.76 0.76 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-24 9/5/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.55 0.55 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-26 9/4/2014 <0.50 0.26 J <0.50 <0.50 <0.50 <0.50 0.32 J 0.32 J <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-30 9/5/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.27 J 0.27 J <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
MW-31 9/8/2014 3.7 1.8 <0.37 <0.43 2.0 <0.21 3.4 3.4 <0.64 -- <0.46 <0.40 <0.28 1.4 <0.43 <0.48 <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
MW-31 9/8/2014 -- -- -- -- -- -- -- -- -- 4.7 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



PZL0025 9/8/2014 <1.0 <1.0 <1.0 <1.0 <0.50 <1.0 <1.0 <1.0 <10 -- <1.0 <1.0 <1.0 3.5 <1.0 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <5.0 <1.0 <0.50 <1.0
SWL0049 9/30/2014 8,700 250 140 28 100 <10 <10 <10 <40 <200 12 <10 <10 140 <10 <10 <10 7.6 J <10 <10 <10 <40 <10 <10 <20
SWL0049 10/31/2014 6,200 150 120 19 63 <5.0 <5.0 <5.0 <20 52 J <5.0 <5.0 <5.0 270 <5.0 5.2 <5.0 7.2 <5.0 2.5 J <5.0 <20 <5.0 <5.0 <10



BF-1 9/8/2014 4.1 <0.39 <0.37 <0.43 <0.14 <0.21 <0.46 <0.46 1.1 J -- <0.46 <0.40 <0.28 <0.24 <0.43 2.6 <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
9/8/2014 -- -- -- -- -- -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



09/08/2014(a) -- -- -- -- -- -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BF-2 9/10/2014 10,000 <25 <25 24 J <25 <25 12 J 12 J <50 <500 <25 <25 <25 <25 <25 <25 <25 <25 <50 (UJ) <25 <25 <50 <25 <25 <25
BF-3 9/8/2014 1,500 <4.0 650 <4.0 6.6 <4.0 <4.0 <4.0 <8.0 <80 <4.0 <4.0 <4.0 <4.0 3.0 J <4.0 <4.0 <4.0 <8.0 (UJ) <4.0 <4.0 <8.0 <4.0 <4.0 <4.0
BF-4 9/9/2014 550 0.47 J 2.5 0.81 J 1.1 <1.0 1.4 1.4 <2.0 <20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 (UJ) <1.0 <1.0 <2.0 <1.0 <1.0 <1.0
BF-5 9/9/2014 0.19 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-9 9/10/2014 12,000 <40 36 J <40 <40 <40 930 930 <80 <800 <40 <40 <40 <40 <40 <40 <40 <40 <80 (UJ) <40 <40 <80 <40 <40 <40



UBF/Water Table Montrose-Owned Wells



UBF/Water Table Del Amo-Owned Wells



MBFC Montrose-Owned Wells



MW-9



BF-1
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TABLE 3
Summary of VOC Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California
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Units µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
ISGS 70 5 5 5 1 NP 100 NP 5(a)



NP 600 17 5 0.5 6 6 5 700 6.2 150 5 NP 12 0.5 1750
BF-10 9/4/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-11 9/9/2014 6.1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



9/16/2014 2,300 <5.0 <5.0 4.3 J 3.3 J <5.0 <5.0 <5.0 <10 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 (UJ) <5.0 <5.0 <10 <5.0 <5.0 <5.0



09/16/2014(a) 2,300 <5.0 <5.0 4.4 J <5.0 <5.0 <5.0 <5.0 <10 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 (UJ) <5.0 <5.0 <10 <5.0 <5.0 <5.0
BF-14 9/5/2014 41 0.34 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-15 9/4/2014 690 <2.0 1.3 J 2.4 1.3 J <2.0 <2.0 <2.0 <4.0 <40 <2.0 <2.0 <2.0 1.6 J <2.0 <2.0 <2.0 <2.0 <4.0 (UJ) <2.0 <2.0 <4.0 <2.0 <2.0 <2.0
BF-16 9/5/2014 320 <1.0 <1.0 0.79 J <1.0 <1.0 0.73 J 0.73 J <2.0 <20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 (UJ) <1.0 <1.0 <2.0 <1.0 <1.0 <1.0
BF-17 9/4/2014 4,900 <12 <12 14 13 <12 <12 <12 <25 <250 <12 <12 <12 220 <12 <12 <12 <12 <25 (UJ) <12 <12 <25 <12 <12 <12
BF-19 9/15/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



9/9/2014 5,300 <7.7 16 J 15 J 3.6 J <4.1 <9.2 <9.2 <13 -- <9.1 <8.0 <5.6 <4.8 <8.6 <9.5 <8.5 <2.8 <50 <4.7 <7.7 <13 <7.2 <6.0 <6.0



09/09/2014(a) 5,000 <7.7 19 J 14 J 4.3 J <4.1 <9.2 <9.2 <13 -- <9.1 <8.0 <5.6 <4.8 <8.6 <9.5 <8.5 <2.8 <50 <4.7 <7.7 <13 <7.2 <6.0 <6.0
BF-20 9/9/2014 -- -- -- -- -- -- -- -- -- <400 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BF-21 9/4/2014 240 <0.50 <0.50 0.49 J 0.68 <0.50 0.59 0.59 <1.0 <10 <0.50 <0.50 <0.50 1.3 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-22 9/3/2014 4.6 <0.50 <0.50 <0.50 <0.50 <0.50 0.31 J 0.31 J <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-23 9/8/2014 0.16 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-24 9/5/2014 2,200 <5.0 <5.0 4.4 J 38 <5.0 <5.0 <5.0 <10 <100 <5.0 <5.0 <5.0 320 <5.0 <5.0 10 32 <10 (UJ) <5.0 <5.0 <10 3.8 J <5.0 <5.0
BF-25 9/4/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-27 9/3/2014 0.66 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 (UJ) <0.50 (UJ) <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-28 9/3/2014 0.48 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-29 9/16/2014 0.62 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 0.39 J <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-30 9/8/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-31 9/10/2014 <0.50 (U) <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 1.8 <0.50 <0.50 0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-32A 9/15/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.56 0.56 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
BF-35 9/11/2014 1,200 <4.0 1,500 4.0 J <4.0 <4.0 <4.0 <4.0 <8.0 <80 <4.0 <4.0 <4.0 <4.0 12 22 <4.0 <4.0 <8.0 (UJ) <4.0 <4.0 <8.0 <4.0 <4.0 <4.0
BF-OW-1 9/8/2014 20 <0.39 1.3 <0.43 0.44 J <0.21 <0.46 <0.46 <0.64 -- <0.46 <0.40 <0.28 <0.24 <0.43 0.87 J <0.42 <0.14 <2.5 0.46 J <0.38 <0.64 <0.36 <0.30 <0.30
BF-OW-1 9/8/2014 -- -- -- -- -- -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



SWL0027 9/3/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
SWL0033 9/5/2014 6,300 <20 <20 17 J 33 <20 <20 <20 <40 <400 <20 <20 <20 8.3 J <20 <20 <20 <20 <40 (UJ) <20 <20 <40 <20 <20 <20
SWL0058 9/5/2014 21 3.5 21 (J) 0.55 J <0.50 <1.0 <1.0 <1.0 <10 -- <1.0 <1.0 <1.0 5.9 0.73 J 0.85 J <1.0 <1.0 <10 0.38 J <1.0 <5.0 <1.0 <0.50 <1.0
G-02WC 9/4/2014 180 <1.0 <1.0 0.68 J 0.39 J <1.0 <1.0 <1.0 <10 -- <1.0 <1.0 <1.0 <0.50 <1.0 <1.0 <1.0 <1.0 <10 0.80 J <1.0 <5.0 <1.0 <0.50 <1.0



CMW001 9/8/2014 7,800 <5.0 8.0 J 12 J 40 <5.0 <5.0 <5.0 <18 <100 <10 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 -- <5.0 <5.0 <5.0 <5.0 <5.0 <10
CMW002 9/8/2014 48,000 <25 82 J 41 J 160 <25 2,100 2,100 <88 <500 <50 <25 <25 <25 <25 <25 <25 <25 -- <25 <25 <25 <25 <25 <50
MWC017 9/8/2014 5.0 <0.25 110 <0.25 <0.25 <0.25 0.28 J 0.28 J <0.88 <5.0 <0.50 <0.25 <0.25 <0.25 30 200 <0.25 <0.25 -- <0.25 <0.25 <0.25 <0.25 29 <0.50
MWC021 9/8/2014 <0.25 0.71 J 15 <0.25 <0.25 <0.25 0.76 J 0.76 J <0.88 <5.0 <0.50 <0.25 0.87 J <0.25 0.48 J 6.0 <0.25 <0.25 -- <0.25 <0.25 <0.25 <0.25 <0.25 <0.50



MBFC Boeing-Owned Wells



MBFC Del Amo-Owned Wells



BF-12



BF-20
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TABLE 3
Summary of VOC Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site
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Units µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
ISGS 70 5 5 5 1 NP 100 NP 5(a)



NP 600 17 5 0.5 6 6 5 700 6.2 150 5 NP 12 0.5 1750



9/9/2014 7.6 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



09/09/2014(a) 7.9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-2 9/10/2014 3,400 <10 <10 <10 7.7 J <10 <10 <10 <20 <200 <10 <10 <10 <10 <10 <10 <10 <10 <20 (UJ) <10 <10 <20 <10 <10 <10
G-3 9/9/2014 32 1.2 0.37 J <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 9.3 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-4 9/9/2014 39 <0.50 11 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 9.4 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-5 9/10/2014 3,000 <10 <10 <10 11 <10 <10 <10 <20 <200 <10 <10 <10 <10 <10 <10 <10 <10 <20 (UJ) <10 <10 <20 <10 <10 <10
G-8 9/9/2014 100 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-9 9/4/2014 360 <0.50 <0.50 <0.50 2.1 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-11 9/15/2014 3.5 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 13 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-12 9/8/2014 2,600 <5.0 3.8 J <5.0 25 <5.0 <5.0 <5.0 <10 <100 <5.0 <5.0 <5.0 3.0 J <5.0 <5.0 <5.0 <5.0 <10 (UJ) <5.0 <5.0 <10 <5.0 <5.0 <5.0



9/5/2014 900 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 <50 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 (UJ) <2.5 <2.5 <5.0 <2.5 <2.5 <2.5



09/05/2014(a) 930 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 <50 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <5.0 (UJ) <2.5 <2.5 <5.0 <2.5 <2.5 <2.5
G-14 9/15/2014 <0.50 <0.50 3.8 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 0.33 J 65 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-15 9/16/2014 5.9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-16 9/16/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



9/10/2014 150 0.24 J 20 <0.50 1.3 <0.50 <0.50 <0.50 <1.0 6.8 J <0.50 <0.50 <0.50 5.2 0.84 5.3 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 0.29 J <0.50



09/10/2014(a) 160 0.22 J 19 <0.50 1.2 <0.50 <0.50 <0.50 <1.0 4.6 J <0.50 <0.50 <0.50 5.3 0.88 5.2 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 0.27 J <0.50
G-18 9/3/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-19A 9/3/2014 110 <0.50 <0.50 <0.50 0.62 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-20 9/8/2014 1.7 <0.39 <0.37 <0.43 <0.14 <0.21 <0.46 <0.46 0.89 J -- <0.46 <0.40 <0.28 <0.24 <0.43 <0.48 <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
G-20 9/8/2014 -- -- -- -- -- -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G-21 9/11/2014 18 <0.50 380 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 2.2 0.72 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-23 9/5/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-24 9/4/2014 1,100 <2.5 <2.5 10 1.7 J <2.5 <2.5 <2.5 <5.0 <50 1.7 J <2.5 <2.5 4.4 <2.5 <2.5 <2.5 <2.5 <5.0 (UJ) <2.5 <2.5 <5.0 <2.5 <2.5 <2.5
G-25 9/9/2014 40 <0.50 0.69 0.38 J <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 7.1 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



9/4/2014 84 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



09/04/2014(a) 87 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-27 9/4/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-28 9/3/2014 0.94 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-29 9/4/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-30 9/11/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 0.34 J <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-32 9/4/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-33 9/11/2014 2.3 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 0.40 J <0.50 <0.50 <0.50 3.3 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-35 9/4/2014 0.31 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 3.5 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
G-OW-3 9/5/2014 320 <1.0 <1.0 <1.0 5.4 <1.0 <1.0 <1.0 <2.0 <20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 (UJ) <1.0 <1.0 <2.0 <1.0 <1.0 <1.0



9/16/2014 8.7 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



09/16/2014(a) 8.1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LG-2 9/16/2014 5,500 <5.0 <5.0 3.3 J <5.0 <5.0 <5.0 <5.0 <10 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 (UJ) <5.0 <5.0 <10 <5.0 <5.0 <5.0



G-13



G-1
Gage Aquifer Montrose-Owned Wells



LG-1



G-26



G-17
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TABLE 3
Summary of VOC Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site
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Units µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
ISGS 70 5 5 5 1 NP 100 NP 5(a)



NP 600 17 5 0.5 6 6 5 700 6.2 150 5 NP 12 0.5 1750



SWL0026 9/3/2014 0.73 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
SWL0034 9/5/2014 67 <0.50 1.4 0.52 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 0.28 J <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
SWL0063 9/10/2014 <1.0 0.58 J 92 <1.0 35 <1.0 <1.0 <1.0 <10 -- <1.0 <1.0 0.32 J <0.50 2.7 11 <1.0 <1.0 <10 0.57 J <1.0 <5.0 <1.0 0.44 J <1.0



BL-13C 9/8/2014 270 <0.39 <0.37 0.65 J 0.24 J <0.21 <0.46 <0.46 0.98 J -- <0.46 <0.40 <0.28 <0.24 <0.43 <0.48 <0.42 <0.14 <2.5 <0.24 <0.38 <0.64 <0.36 <0.30 <0.30
BL-13C 9/8/2014 -- -- -- -- -- -- -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



9/10/2014 3.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50



09/10/2014(a) 3.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LW-2 9/10/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LW-4 9/19/2014 4.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LW-5 9/11/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LW-6 9/18/2014 <0.50 <0.50 (UJ) <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
LW-7 9/15/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1.0 (UJ) <0.50 <0.50 <1.0 <0.50 <0.50 <0.50
Notes:
Analytes not shown here were not detected in wells at concentrations greater than laboratory reporting limits unless noted below.
Samples were analyzed using EPA Method 8260B.
(a) Duplicate Sample
(b) Confirmation Sample



= Exceeds ISGS
Total Trihalomethanes are Bromoform, Chloroform, Dibromochloromethane, and Bromodichloromethane.
< less than
µg/L micrograms per liter
CDPH California Department of Public Health
ISGS In Situ Groundwater Standard as listed as Table 9-1 in the Record of Decision for the Dual Groundwater Operable Unit, Montrose and Del Amo Superfund Sites (EPA, 1999)
MDL method detection limit
NP none promulgated
RL reporting limit
EPA United States Environmental Protection Agency



Laboratory-Assigned Qualifier
J Estimated value.  Analyte detected at a level less than the RL and greater than or equal to the MDL.  The user of this data should be aware that this data is of limited reliability.



Data Validation Qualifiers
(J) Estimated value.
(U) stimated value.  Blank contamination: indicates possible high bias and/or false positives.
(UJ) Reporting limit estimated.



Gage Aquifer ILM-Owned Well



LW-1



Gage Aquifer Del Amo-Owned Wells



Lynwood Aquifer Montrose-Owned Wells
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Table 4
Summary of pCBSA Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California



Date pCBSA



Units µg/L



MW-1 9/10/2014 500,000
MW-2 9/10/2014 520,000
MW-3 9/8/2014 21
MW-4 9/9/2014 1,200
MW-5 9/8/2014 53
MW-6 9/9/2014 3.2 J
MW-8 9/8/2014 75



9/5/2014 2.6 J



09/05/2014(a) <5.0
MW-10 9/8/2014 170
MW-11 9/9/2014 240
MW-12 9/9/2014 130
MW-16 9/9/2014 <5.0
MW-19 9/9/2014 40
MW-22 9/9/2014 <5.0
MW-23 9/5/2014 5.7
MW-24 9/5/2014 11
MW-26 9/4/2014 <5.0
MW-28 9/11/2014 <5.0
MW-30 9/5/2014 <5.0
MW-31 9/8/2014 <5.0



SWL0049 9/30/2014 25,000
PZL0025 9/8/2014 <5.0



Well 



MW-9



UFB/Water Table Montrose-Owned Wells



UFB/Water Table Del Amo-Owned Wells
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Table 4
Summary of pCBSA Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California



Date pCBSA



Units µg/L
Well 



9/8/2014 29



09/08/2014(a) 31
BF-2 9/10/2014 98,000
BF-3 9/8/2014 8,900
BF-4 9/9/2014 17,000
BF-5 9/9/2014 <5.0
BF-9 9/10/2014 82,000
BF-10 9/4/2014 <5.0
BF-11 9/9/2014 7.0



9/16/2014 30,000



09/16/2014(a) 29,000
BF-14 9/5/2014 1,000
BF-15 9/4/2014 1,400
BF-16 9/5/2014 7,100
BF-17 9/4/2014 33,000
BF-19 9/15/2014 <5.0
BF-20 9/9/2014 52,000
BF-21 9/4/2014 27,000
BF-22 9/3/2014 14,000
BF-23 9/8/2014 5.2
BF-24 9/5/2014 19,000
BF-25 9/4/2014 4.7 J
BF-27 9/3/2014 <5.0
BF-28 9/3/2014 390
BF-29 9/16/2014 25
BF-30 9/8/2014 13
BF-31 9/10/2014 350
BF-32A 9/15/2014 9.9
BF-35 9/11/2014 9,800
BF-OW-1 9/8/2014 350



SWL0027 9/3/2014 77
SWL0033 9/5/2014 39,000
SWL0058 9/11/2014 1,100
G-02WC 9/9/2014 1,900



BF-12



BF-1
MBFC Montrose-Owned Wells



MBFC Del Amo-Owned Wells
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Table 4
Summary of pCBSA Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California



Date pCBSA



Units µg/L
Well 



CMW001 9/8/2014 32,000
CMW002 9/8/2014 57,000
MWC017 9/8/2014 77
MWC021 9/8/2014 <5.0



9/9/2014 79



09/09/2014(a) 91
G-2 9/10/2014 29,000
G-3 9/9/2014 150
G-4 9/9/2014 820
G-5 9/10/2014 38,000
G-8 9/9/2014 4,200
G-9 9/4/2014 21,000
G-11 9/15/2014 1,900
G-12 9/8/2014 36,000



9/5/2014 21,000



09/05/2014(a) 23,000
G-14 9/15/2014 <5.0
G-15 9/16/2014 <5.0
G-16 9/16/2014 <5.0



9/10/2014 3,400



09/10/2014(a) 3,600
G-18 9/3/2014 2,000
G-19A 9/3/2014 5,700
G-20 9/8/2014 <5.0
G-21 9/11/2014 130
G-23 9/5/2014 84
G-24 9/4/2014 9,200
G-25 9/9/2014 1,200



9/4/2014 720



09/04/2014(a) 730
G-27 9/4/2014 <5.0



G-1



MBFC Boeing-Owned Wells



Gage Aquifer Montrose-Owned Wells



G-26



G-17



G-13



0AO
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Table 4
Summary of pCBSA Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California



Date pCBSA



Units µg/L
Well 



G-28 9/3/2014 2,000
G-29 9/4/2014 11,000
G-30 9/11/2014 <5.0
G-32 9/4/2014 <5.0
G-33 9/11/2014 140
G-35 9/4/2014 4,200
G-OW-3 9/5/2014 6,900



9/16/2014 26,000



09/16/2014(a) 26,000
LG-2 9/16/2014 27,000



SWL0026 9/3/2014 110
SWL0034 9/5/2014 17
SWL0063 9/10/2014 <5.0



BL-13C 9/8/2014 4,200



9/10/2014 9.5



09/10/2014(a) 8.2
LW-2 9/10/2014 <5.0
LW-4 9/19/2014 780
LW-5 9/11/2014 <5.0
LW-6 9/18/2014 <5.0
LW-7 9/15/2014 <5.0



LW-1



LG-1



Lynwood Aquifer Montrose-Owned Wells



Gage ILM-Owned Wells



Gage Del Amo-Owned Wells



Notes: 
(a) Duplicate Sample 
(b) Confirmation Sample 
pCBSA  = 4-chlorobenzenesulfonic acid 
No Upper Bellflower Aquitard wells were sampled for pCBSA. 
 
Samples were analyzed using EPA Method 314.0 Modified. 
 
No In Situ Groundwater Standard (ISGS) exists for pCBSAs, 
however, there is an injection limitation of 25,000 µg/L 
established in the Record of Decision for the Dual Groundwater 
Operable Unit, Montrose and Del Amo Superfund Sites (EPA, 
1999) 
 



µg/L micrograms per liter 
 
Laboratory-Assigned Qualifier 
J Estimated value.  Analyte detected at a level less 



than the RL and greater than or equal to the MDL.  
The user of this data should be aware that this data 
is of limited reliability. 
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TABLE 5
Summary of QA/QC Sample Laboratory Results



2014 Baseline Monitoring and Aquifer Compliance Report
Montrose Superfund Site



20201 S. Normandie Avenue, Los Angeles, California



Field Sample Laboratory Sample Sampling Date VOCs pCBSAs 



(EPA 8260B) (EPA 314.0 Modified)
(µg/L) (µg/L)



TB-20140903 14-09-0173-01 9/3/2014 ND --
TB-20140904 14-09-0312-01 9/4/2014 ND --
TB-20140905 14-09-0448-01 9/5/2014 ND --
TB-20140908 14-09-0556-01 9/8/2014 ND --



TB20140908-B 14-09-0554-01 9/8/2014 ND --
TB-20140909 14-09-0658-01 9/9/2014 ND --



TB20140909-B 14-09-0659-01 9/9/2014 ND --
TB-20140910 14-09-0760-01 9/10/2014 ND --
TB-20140911 14-09-0943-02 9/11/2014 ND --
TB-20140915 14-09-1187-01 9/15/2014 ND --
TB-20140916 14-09-1264-01 9/16/2014 ND --
TB-20140918 14-09-1462-01 9/18/2014 ND --
TB-20140919 14-09-1606-02 9/19/2014 ND --



EB-20140903 14-09-0173-02 9/3/2014 methylene chloride -- 0.41 J <5.0
EB-20140904 14-09-0312-02 9/4/2014 ND <5.0
EB-20140905 14-09-0448-02 9/5/2014 methylene chloride -- 1.3 <5.0
EB-20140908 14-09-0556-02 9/8/2014 methylene chloride -- 0.92 J <5.0
EB-20140909 14-09-0658-02 9/9/2014 methylene chloride -- 0.53 J <5.0
EB-20140910 14-09-0760-02 9/10/2014 chlorobenzene -- 0.22 J <5.0
EB-20140911 14-09-0943-03 9/11/2014 methylene chloride -- 0.47 J <5.0
EB-20140915 14-09-1187-02 9/15/2014 ND <5.0
EB-20140916 14-09-1264-02 9/16/2014 ND <5.0
EB-20140918 14-09-1462-02 9/18/2014 chloroform -- 0.28 J <5.0



acetone -- 3.7 J (J)
toluene -- 0.43 J



Laboratory Method
Units



TRIP BLANKS



EQUIPMENT BLANKS



9/19/201414-09-1606-01EB-20140919 <5.0



Notes: 



-- sample not submitted for analysis by laboratory method 
µg/L micrograms per liter 
EPA United States Environmental Protection Agency 
ND analytes listed as part of EPA Method 8260B were not detected  
pCBSA  4-chlorobenzenesulfonic acid 
QA/QC quality assurance/quality control 
VOC volatile organic compound 
 
Laboratory-Assigned Qualifier 
J Estimated value.  Analyte detected at a level less than the RL and greater than or equal to 



the MDL.  The user of this data should be aware that this data is of limited reliability. 
 
Data Validation Qualifier 
(J) Estimated value.  
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From: Maier, Brent
To: Maurice Lyles (maurice_lyles@boxer.senate.gov); tom_bohigian@boxer.senate.gov;


 yvette_martinez@boxer.senate.gov; molly_o"brien@feinstein.senate.gov; trevor_daley@feinstein.senate.gov;
 blanca.jimenez@mail.house.gov; Hamilton Cloud (hamilton.cloud@mail.house.gov)


Cc: Lyons, John; Barton, Dana; Yogi, David; Sanchez, Yolanda; Wetmore, Cynthia; LEONIDO-JOHN, STEVEN;
 Mogharabi, Nahal; Keener, Bill


Subject: Montrose/Del Amo Superfund Site Update - Availability for Conference Call on Thursday, March 5th at 3:30pm
Date: Thursday, February 26, 2015 2:09:55 PM
Attachments: Montrose Del Amo_2-15.pdf


Montrose Bilingual DNAPL FS 9_14 XCR.PDF


Dear Colleagues:
 
I wanted to reach out to each of you regarding our interest in setting up a conference call on
 Thursday, March 5th at 3:30pm to provide your office with a site update on the Del Amo
 and Montrose Superfund Sites in Torrance. During this call we will provide your office
 with information on the vapor intrusion work EPA will be conducting in the Harbor Gateway
 neighborhood adjacent to the Sites as well as an update on the proposed Dense Non-Aqueous
 Phase Liquid (DNAPL) cleanup plan for the Montrose Superfund Site as well as talk about
 the work EPA is doing to address the pCBSA issues. My Superfund Division colleagues will
 join me for this call. I have attached to this invitation a PDF document regarding our vapor
 intrusion work. I also wanted to make you aware that our office has been speaking to a
 reporter with the Los Angeles Times about EPA’s vapor intrusion work at the Montrose/Del
 Amo Superfund Site and there is a possibility that you may see an article come out over the
 weekend.
 
I have attached to this message a fact sheet regarding our vapor intrusion work as well as a
 fact sheet on the proposed Dense Non-Aqueous Phase Liquid (DNAPL) cleanup plan for the
 Montrose Superfund Site.
 
I have set up a conference line for us to use for this discussion and am providing both the call-
in number and access code to join the call.
 
Dial-In Number: (866) 299-3188 
 
Conference Code: 4159721596#
 
Leader PIN: 1015 (for use only by Brent Maier to initiate the call)
 
Please confirm your availability to let me know whether this proposed date/time works for
 you. Please give me a call if you have any questions or need any additional information.
 
Regards,
 
Brent Maier
Congressional Liaison
U.S. Environmental Protection Agency, Region IX
75 Hawthorne St. (OPA-3)
San Francisco, CA 94105
Ph: 415.947.4256
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Request for Indoor Air Sampling
The U.S. Environmental Protection Agency (EPA) is working to ad-
dress concerns raised by the community for the potential volatiliza-
tion (evaporation) of contaminants from groundwater moving into 
indoor air, a process called vapor intrusion. As a result of a series of 
meetings between EPA, the California Department of Toxic Sub-
stances Control (DTSC), the Del Amo Action Committee and com-
munity members, and their independent technical advisor, 
Dr. James Wells, we are moving forward to find 
out if vapor intrusion is occurring. 



We are requesting permission 
from residents in specific areas 
of the Harbor Gateway neigh-
borhood to collect indoor air 
samples in 2015. There is no 
cost to owners or tenants for 
this sampling. The sampling 
will be used to find out if there 
is a buildup in homes of the 
contaminant trichloroethylene 
(TCE) and other volatile organic 
compounds (VOCs), through 
vapor intrusion, from the Mon-
trose and Del Amo Superfund 
sites (Sites). 



U . S .  E N v I R O N M E N T A L  P R O T E C T I O N  A G E N C y 



For More Information about the 
Montrose and Del Amo Superfund Sites



Figure 1: Vapor intrusion is a 
process where vapors from under-
ground contamination migrate 
into the indoor air of overlying 
structures, such as homes or com-
mercial buildings. 



EPA Contact Information



Alejandro Díaz
EPA Community  
Involvement Coordinator
(415) 972-3242
diaz.alejandro@epa.gov



Yarissa Martínez
EPA Project Manager
(213) 244-1806
martinez.yarissa@epa.gov



EPA Websites



www.epa.gov/region09/montrose
www.epa.gov/region09/delamo



During the sampling, EPA 
will be hosting informal 
“office hours” at a mobile 
site located on the corner 
of 204th St. and Budlong 
Ave. EPA officials will be 
available to answer ques-
tions, make appointments to 
discuss sampling and collect 
access agreements.



Temporary EPA On-Site Office



Dates and times will be pub-
lished on the EPA Del Amo 
and Montrose websites.



James Wells, Ph.D., P.G.
TASC Technical Advisor
(805) 880-9300
jwells@everettassociates.net











How Does EPA Do Sampling?
Sampling usually requires two 30-minute home visits. During the first 
visit, EPA will explain how household products and everyday activities 
(like using your heater or opening windows) can affect indoor air qual-
ity. EPA will place 1-2 small air samplers in the breathing 
zone (3-6 feet above the floor) to collect the samples in the 
house. Other samplers may be placed in the crawl space 
beneath the home and in the outdoors. If the home does 
not have a crawl space, EPA may request specific per-
mission to drill a pencil-sized hole in the floor to take 
samples underneath the home. During the second visit, 
EPA picks up the samplers, and then sends them to an 
EPA-approved lab for analysis. In four to five weeks, 
EPA will contact the residents and/or landowners with 
the results, and discuss any potential follow-up steps.



VOCs and Vapor Intrusion
TCE, benzene, and monochlorobenzene are types of VOCs 
found at the Sites that can move as vapors from the groundwater 
through soil under certain conditions. These underground VOCs 
are a product of contamination from the Sites, as well as from the 
past activities of several companies that once operated in the area 
northwest of the Sites. Since the 1990s, the companies responsible 
for the pollution have worked to develop and construct a treat-
ment system to clean up and contain contaminated groundwater. 
As part of this effort, a groundwater treatment system (located on 
Normandie Avenue at West 204th St.) was built and is scheduled 
to be operational in 2015.



Why Are You Sampling Now?
If vapors move under a building, it is possible for them to pass 
through cracks and other openings in the foundation and enter 
the indoor air (see Figure 1). If this happens at high enough levels, 
it may create a health risk for those breathing indoor air. Recent 
scientific studies for TCE have led EPA to take more protective 
measures to test for and minimize the risk of vapor intrusion. 



Furthermore, EPA has learned vapor intrusion levels can vary 
throughout the year, and that the most accurate time to mea-
sure the greatest potential for VOC buildup is during the winter 
months. Based on these developments, EPA has decided to evalu-
ate homes in the Harbor Gateway community for vapor intrusion. 



As such, EPA is asking residents for permission to sample 
indoor air in homes in February 2015 to confirm that EPA’s 
new, lower standards for TCE and VOCs exposure are not 
being exceeded.



How Can I Sign Up?
EPA has prioritized two residential sampling areas for the vapor 
intrusion investigation. If you live outside the residential sampling 
areas and are interested in participating, please contact EPA. Out-
side these areas, EPA may sample as resources allow. 



Please check to see if you are within the project area on the map 
above. If so, please contact EPA representatives Yarissa or Ale-
jandro (contact information on opposite side) to schedule an ap-
pointment. Before EPA can take any samples, we need written 
permission from the property owner and the resident.



Figure 2: Sampling Areas
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The U.S. Environmental Protection Agency (EPA) is 
seeking public comments on its proposed Dense Non-
Aqueous Phase Liquid (DNAPL) cleanup plan for the 
Montrose Superfund Site (Site) in Los Angeles, CA. You 
are encouraged to participate, as your input will influence 
EPA’s final decision.



Sitio Superfund  Montrose  Superfund Site



U. S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y   $  R e g i o n  9   $  S a n  Fr a n c i s c o ,  C A   $  S e p t e m b e r  /  s e p t i e m b r e  2 0 1 4



EPA Requests 
Comments on 



Proposed  
DNAPL Cleanup



La EPA solicita 
comentarios sobre el 
Plan Propuesto de 



limpieza del DNAPL



Public Meeting
Come learn more, and provide comments by attending 
our public meeting on: Saturday, November 8th, 2014 
from10:00am-12:30pm at the Holiday Inn Torrance, 
19800 S Vermont Ave., Torrance, CA



Spanish interpretation and a court reporter will ensure your 
comments and concerns are documented.



EPA Workshop
Also at the Holiday Inn on Monday, October 
27th, 2014, from 6:30-8:30 pm. Come find out 
more about the DNAPL cleanup in the context 
of the overall cleanup, mobile versus immobile DNAPL, 
technologies & impacts, and contaminants & health.



La Agencia de Protección Ambiental de los Estados Unidos 
(EPA, por sus siglas en inglés) está solicitando comentarios 
públicos sobre su plan propuesto de la limpieza del líquido 
denso en fase no-acuosa (DNAPL) para el sitio Superfund 
Montrose (Sitio) en Los Angeles, CA. Le alentamos partici-
par, ya que su aportación afectará la decisión final de la EPA.



What is DNAPL?



DNAPL is a technical way of describing pockets of 
pure contaminants within soil and groundwater. At 
this Site, DNAPL is made up of about 50% DDT and 
50% chlorobenzene (one of the ingredients of DDT).



Reunión publica
Venga aprender más, y proporcione sus comentarios al asistir 
a la reunión pública el día: Sábado, 8 de noviembre del 
2014. A partir de las 10:00am a 12:30pm en el Holiday 
Inn Torrance, 19800 S Vermont, Torrance, CA



Habrá una traductora en español y un reportero judicial quienes 
asegurarán que sus comentarios y preocupaciones sean documentados.



Taller de la EPA 
También en el Holiday Inn el día lunes, 27 de 
octubre del 2014, de 6:30 a 8:30. Venga a cono-
cer más sobre la limpieza del DNPL en el con-



texto de limpieza general del DNAPL móvil versus inmóvil, 
tecnologías e impactos y contaminantes y la salud.



¿Qué es el DNAPL?



El DNAPL es una forma técnica de describir bolsas 
de contaminantes puros en el suelo y el agua sub-
terránea. En este Sitio, el DNAPL está compuesto de 
aproximadamente 50% DDT y 50% clorobenceno 
(uno de los ingredientes del DDT).



This fact sheet summarizes a 16 page 
complete Proposed Plan. That document can 
be found at the information repositories or 
online at: www.epa.gov/region09/montrose



Esta hoja de información resume un Plan Propuesto 
competo de 16 páginas. Ese documento se podrá 
encontrar en los depositos de información o en 
internet a: www.epa.gov/region09/montrose
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Summary of Risk and Basis for Action 



Based on the land and groundwater uses described above, the DNAPL at the Montrose 



Superfund Site does not currently pose an exposure risk to human or ecological receptors. 



However, DNAPL is the principal threat at the Montrose Superfund Site, because it con-



tinues to dissolve into the groundwater, and serves as a long-term source of chlorobenzene 



and, to a lesser degree, other contaminants to groundwater and soil vapor. 



Th
e Groundwater remedy for both Sites is designed to hydraulically contain and remedi-



ate the dissolved plume coming from the DNAPL source, and also hydraulically contain 



the TI Waiver Zone that surrounds DNAPL. Residual DNAPL is trapped in pore spaces 



between soil particles within the TI Waiver Zone and cannot migrate in the subsurface 



outside this zone under natural conditions. However, mobile DNAPL that is present at the 



former Montrose Plant Property remains a threat to groundwater and soil vapor, because it 



is capable of continued vertical and/or lateral migration outside the TI Waiver Zone. Th
is 



potential migration of mobile DNAPL may result in failure of the Groundwater remedy. 



Removing mobile DNAPL, therefore, is a critical component in preserving the groundwater 



resource and ensuring protection of human health and the environment. 



It is EPA’s current judgment that the Preferred Alternative identified in this Proposed Plan, 



or one of the other active measures considered in the Proposed Plan, is necessary to protect 



public health or the welfare of the environment from actual or threatened releases of haz-



ardous substances into the environment. Th
e Preferred Alternative is focused on prevent-



ing uncontrolled migration and the spread of mobile DNAPL to ensure (1) protection of 



22,873 Sq/Ft



3,076 Sq/Ft



Jones Chemical



Lateral extent of DNAPL



Areas of Mobile DNAPL 



Soil Borings
Monitoring wells



Legend



Figure 5. Estimated Extent of Mobile DNAPL



Remediation 



Objectives



The remediation objectives for the 



DNAPL remedy are as follows:



Prevent human exposure to 



•	
DNAPL (via ingestion, inhala-



tion, or dermal contact) that 



would pose an unacceptable 



health risk to on or off property 



receptors under industrial land 



uses of the Montrose Property 



and adjacent properties.



To the extent practicable, 



•	
limit uncontrolled lateral and 



vertical migration of mobile 



DNAPL under industrial land 



use and hydraulic conditions in 



groundwater.



Increase the probability of 



•	
achieving and maintaining 



containment of dissolved-phase 



contamination to the extent 



practicable, as required by the 



existing groundwater ROD, for 



the time period that such con-



tainment remains necessary.



Reduce mobile DNAPL mass to 



•	
the extent practicable.



To the extent practicable, 



•	
reduce the potential for 



recontamination of aquifers 



that have been restored by the 



groundwater remedial actions, 



as required by the groundwater 



ROD, in the event containment 



should fail.



To the extent practicable, 



•	
reduce the dissolved-phase 



concentrations within the con-



tainment zone over time.



human health and the environment, and (2) 



the success of the groundwater remedy at 



the Montrose Superfund Site. 



Th
e objectives, methods, and technologies 



that are planned to accomplish these goals 



are discussed next.
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Montrose Superfund Site



Site Contamination 



The remedial actions described in this Proposed Plan are focused on 



the DNAPL source. DNAPL has a density higher than water, so it 



sinks when put into water. As mentioned above, DNAPL at the Site 



consists of about 50 percent DDT and 50 percent chlorobenzene. 



Chlorobenzene is a volatile organic compound (VOC) that can 



volatilize (that is, can be emitted as gas) from solids or liquids into 



the atmosphere and cause vapor intrusion (VI). It is also soluble in 



water. In contact with groundwater, chlorobenzene dissolves from 



DNAPL and forms a plume of contaminated groundwater referred 



to as the “chlorobenzene plume.” This dissolved clorobenzene plume 



is being addressed by the Dual Site Groundwater remedy. The 



potential VI from the DNAPL source and dissolved chlorobenzene 



plume is being currently evaluated by EPA. 



DDT is not volatile and not soluble in water. Because it is not 



volatile, DDT does not pose a risk of VI. Also, as mentioned above, 



DDT sticks to soil particles and does not mix and/or travel with 



groundwater; therefore, the chlorobenzene plume includes little to 



no DDT.Beneath the Montrose Property, DNAPL is found at depths ranging 



from 7 to 101.5 feet below ground surface (bgs). Depth to ground-



water in this area is about 40 to 60 feet bgs. DNAPL, therefore, 



occurs in both the unsaturated zone (soils above groundwater) and 



the saturated zone (soils at the groundwater level). Site soils, in both 



the unsaturated and saturated zones, are composed of discontinuous 



layers of silt, sand, and clays. 



Pools of DNAPL are perched on top of less-penetrable soils such 



as silt, and clay. Figure 3 is a diagram of typical vertical DNAPL 



distribution at a site like Montrose. 



The full extent of DNAPL at the Site occurs beneath (and within 



the horizontal boundaries of ) the Montrose Property, and well 



within the TI Waiver Zone established by EPA (see box above). 



The estimated lateral extent of DNAPL, known as the “entire treat-



ment area,” is about 160,000 square feet (ft 2) (see Figure 5).



Mobile Vs. Residual DNAPL



DNAPL at the Montrose Property occurs in both “mobile” and 



“residual” forms. Mobile DNAPL is a continuous mass of DNAPL 



that can flow with groundwater and/or sink under gravitational 



forces. 
Residual DNAPL is trapped in the pore spaces of soil particles and 



cannot move laterally and/or vertically under natural conditions (see 



Figure 4).Mobile DNAPL is present beneath the Montrose Property within a 



much smaller area of approximately 26,000 ft 2. This area is known as 



the “focused treatment area” and was estimated based on the known 



occurrence of mobile DNAPL in wells in the source area and mea-



sured DNAPL concentrations above 53,000 milligrams per kilogram 



(mg/kg), which was determined to be a threshold, above which 



DNAPL was considered to be mobile. The area of mobile DNAPL is 



shown in Figure 5. 



The extent of mobile DNAPL may be further refined, if needed, 



during the remedial design and remedial action phases of work, with 



input from the State. 



What is a TI Waiver Zone?



The groundwater remedy includes long-term hydraulic 



containment of the DNAPL-contaminated area and a 



buffer around this area referred to as the “Technical Im-



practicability (TI) Waiver Zone.” The TI Waiver Zone was 



established because, as documented in the groundwa-



ter ROD, EPA determined that removal of all DNAPL was 



not practicable, given current technologies. This area will 



be evaluated for protection again in 2015.



Figure 3. Sample Diagram of Vertical DNAPL Distribution



Figure 4. Mobile vs. Residual DNAPL
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The Del Amo Superfund Site, which 



includes the former site of a 280-acre 



synthetic rubber manufacturing plant, is 



located east of the Montrose Superfund Site 



(see Figure 2). During operations, chemi-



cals such as benzene were released into soil 



and groundwater beneath the plant. The 



chlorobenzene plume from the Montrose 



Superfund Site is mixed with the benzene 



plume originating at the Del Amo Super-



fund Site. 
EPA listed the Montrose Site on the 



Superfund National Priorities List (NPL) 



in 1989. In order to organize the investiga-



tion and cleanup activities, EPA divided the 



Montrose Superfund Site into several parts, 



which are called “Operable Units” (OUs). 



The OU that addresses the DNAPL source, 



as well as adjacent OUs for soil and ground-



water at the Montrose Superfund Site, are 



briefly described on the opposite page. 



Figure 2 shows the main areas of the 



Montrose and Del Amo Superfund Sites. As 



mentioned above, the DNAPL remedy will 



complement the Groundwater remedy from 



both Sites by removing DNAPL that serves 



as a source of groundwater contamination. 



Site Characteristics



Current Land Use



The Montrose Property was regraded and 



capped with asphalt by Montrose in 1985. 



Within the property boundary, two large 



raised building pads and a total of six 



temporary soil and debris containment cells 



were constructed by EPA to temporarily 



store contaminated soils excavated from 



Kenwood Avenue (the Historic Stormwater 



Pathway-Neighborhood OU). In addi-



tion, Montrose is currently constructing 



the groundwater treatment facility for the 



Groundwater OU for both Sites at the 



Montrose Property. Extensive dust monitor-



ing is being performed during construc-



tion activities to ensure public health and 



construction worker safety. 



A 2004 study conducted by EPA concluded that the most likely reuse scenario for the Mon-



trose Property would be industrial land use. The adjacent properties are also zoned industrial 



and commercial. Land use south and southeast of the Montrose Property is mixed manufac-



turing, commercial, and residential.



Although the State of California designates all of the water-bearing units beneath the 



Montrose property as having potential potable beneficial use, there are currently no known 



municipal or private potable production wells in use within the area of DNAPL distribu-



tion and/or dissolved groundwater contamination at the Montrose Superfund Site. The 



nearest municipal supply wells are located more than 2 miles from the Montrose Property, 



and about 0.5 to 1 mile southeast from the furthest extent of groundwater contamination 



related to the Montrose and Del Amo Superfund Sites.



Figure 2. Main Areas of the Dual Site Groundwater Contamination



Legend
Approximate extent of 



Dual Site Groundwater Contamination



DNAPL Contamination extent



405



110
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Montrose Superfund Site



Site Background
Montrose Chemical Corporation of California (Montrose) manu-



factured the technical grade of the pesticide dichlorodiphenyl-



trichloroethane (DDT) from 1947 until 1982 at a 13-acre plant 



located at 20201 Normandie Avenue, in Los Angeles, near the City 



of Torrance, California (see Figure 1). 



The plant was dismantled and demolished by 1983, and the plant 



property was graded and covered with an asphalt cap. In its 35 years 



of operation, the Montrose plant released hazardous substances into 



the surrounding environment, including surface soil, groundwater, 



stormwater drainage ditches, sanitary sewers, and ultimately the 



Pacific Ocean.
Contaminants used at the plant entered the ground within the 



former Montrose plant property (“Montrose Property”) through 



leaks from valves and clogged lines, and other elements of the DDT 



manufacturing process. Chlorobenzene, which is a colorless, flam-



mable liquid and a common solvent, was one of the most widely 



encountered contaminants resulting from the plant operation.



Soil beneath the Montrose Property is also contaminated with 



DDT, which is a crystalline solid and not soluble in water. DDT 



sticks to soil particles and does not mix and/or travel with ground-



water. Therefore, DDT by itself does not cause contamination of 



groundwater. However, DDT is soluble in chlorobenzene. At this 



site DDT dissolved in chlorobenzene, and formed a liquid mixture 



consisting of about 50 percent DDT and 50 percent chlorobenzene. 



This mixture is referred to as “Dense Non-Aqueous Phase Liquid,” 



or “DNAPL.” DNAPL contamination occurs in soil and groundwa-



ter beneath the Montrose Property. When DNAPL comes into con-



tact with groundwater, chlorobenzene dissolves from the DNAPL. 



At the Montrose Superfund Site, the chlorobenzene has formed a 



groundwater plume that extends more than 1.5 miles downstream 



of the Montrose Property. 



Figure 1. Former Montrose Plant Property



On- and Near-Property Soils OU: 



includes contamination in shallow soils 



and soil vapors that are present on and 



near the Montrose Property as a result of 



past activities there. For this OU, a hu-



man health risk assessment and feasibility 



study are currently being prepared.
Current Stormwater Pathway OU 



– Torrance Lateral to Consolidated 



Strip: includes locations where rainfall 



runoff may have carried contaminants 



from the Montrose Property. 
Dual Site Groundwater OU: addresses 



groundwater contamination from both 



the Montrose and Del Amo Superfund 



Sites. The selected remedy for this OU 



includes extraction and treatment of con-



taminated groundwater, and reinjection 



of treated water back into groundwater 



aquifers. Construction activities for the 



treatment system started in March 2013, 



and are expected to be completed by the end 



of 2014. Once operational, the system will 



extract up to 700 gallons of water per min-



ute, and inject cleaned treated water back 



into the ground. Because the DNAPL at the 



Montrose property is a source of groundwa-



ter contamination, the groundwater ROD 



requires removal of the DNAPL source to 



the extent practicable. DNAPL OU: addresses the DNAPL source 



at the Montrose Property and is the subject 



of this Proposed Plan. Historic Stormwater Pathway – Neigh-



borhood OU: includes the Kenwood 



Avenue neighborhood, where EPA com-



pleted removal actions in 2002 and 2008 to 



address Montrose-related contamination.



Palos Verdes Shelf OU: includes con-



tamination on the ocean floor off the Palos 



Verdes Peninsula.



Historic Stormwater Pathway – 



Royal Boulevard OU: includes por-



tions of eight industrial and residential 



properties along Torrance Boulevard and 



Royal Boulevard, where runoff from the 



Montrose Property transported contami-



nants into the storm drainage channel. 



Jones Chemicals OU: addresses con-



tamination at the JCI Jones Chemicals, 



Inc. (Jones) property, which is immedi-



ately adjacent to the Montrose Property. 



Jones manufactures, stores, repack-



ages, and distributes water treatment 



chemicals and other chemicals used by 



municipalities, the public, and industry. 



A variety of chlorinated solvents have 



been identified in the subsurface at the 



Jones property. A remedial investigation 



is currently underway.



Montrose Superfund Site Operable Units



What is DNAPL?Dense Non-Aqueous Phase liquid is 
a technical way of describing pock-
ets of pure contaminants within 
soil and groundwater. 



Montrose Superfund SiteLos Angeles, California



U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y   $   R e g i o n  9   $   S a n  F r a n c i s c o ,  C A   $   S e p t e m b e r  2 0 1 4EPA Requests Comments on  
Proposed DNAPL Cleanup Plan



1This Proposed Plan is being issued pursuant to CERCLA §117(a), 42 U.S.C. §9617(a), and the National Contingency Plan §300.430(f )(3), 40 C.F.R. §300.430(f )(3).



EPA



The United States Environmental Protection 
Agency (EPA) is seeking public comments 
on this Proposed Plan for cleanup of dense 
non-aqueous phase liquid (DNAPL) at 
the Montrose Superfund Site. The DNAPL 
operable unit (OU) is one of seven OUs at 
the Montrose Superfund Site. This Proposed 
Plan presents the remedial actions designed 



74 Day Public Comment Period September 8th – November 21st, 2014
The EPA is interested in hearing from the public, and will accept public comments 



from early September to late November. EPA invites you to a Community Meeting 



where you can hear a presentation discussing the Proposed Plan and offer your oral 



and written comments. EPA will consider these comments and respond to them 



when selecting a remedy. EPA will document the comments and responses in a sec-



tion of the final decision document, called the Record of Decision (ROD). There are 



several ways for the public to provide comments (written, oral, email or faxed com-



ments). This information is listed on page 15.



Public Comment MeetingSaturday, November 8, 2014 10 a.m. to 12:30 p.m.Holiday Inn Torrance, 19800 Vermont Ave, Torrance, California 



to address DNAPL residing in soil and 
groundwater beneath the Montrose Superfund 
Site. These remedial actions will complement 
the groundwater cleanup action that was 
selected in 1999, because DNAPL acts as a 
source to groundwater contamination, and 
cleanup of this source will help ensure the 
groundwater remedy is successful. 



EPA, as the lead agency for this cleanup, has 
prepared this Proposed Plan in consultation 
with the support agency, California Depart-
ment of Toxic Substances Control (DTSC), 
and other stakeholders. 



This Proposed Plan summarizes key infor-
mation and results from EPA’s Remedial 
Investigation and Feasibility Study reports. 
The EPA’s preferred method for address-
ing the contaminants and an analysis of 
all cleanup alternatives are described in 
this Plan. Although EPA has identified a 
preferred alternative, EPA will not make 
a final decision until all the comments 
are considered. The public is encouraged 
to provide comments on any or all of the 
alternatives. For more detailed information, 
please see the Feasibility Study report, and 
other reports and documents within the ad-
ministrative record, available at the locations 
specified on the back page.



EPA’s primary objective for this Plan is to 
protect human health and the environ-
ment from contaminants found in DNAPL 
beneath the Montrose Superfund Site1.



Periodo  de Comentario Público Extendido hasta 13 de febrero,  2015



Public  Comment  Period Extended until Feb 13th, 2015











EPA’s Preferred Remedy
EPA’s preferred remedy for cleaning up DNAPL at the 
Site is to install probes to heat soil by using a technology 
called Electrical Resistance Heating, and collect the mobile 
DNAPL in heated soil vapors and treat them on-site 
using a Soil Vapor Extraction 
System (SVE), and create 
land use controls to prevent 
any future development that 
is not industrial at the Site. 
This remedy, referred to as 
6A, is one of 9 alternatives the 
EPA considered. 



SVE SVE



Air-Water 
Separator



Separador de 
aire y agua



Electrical Resistance Heating (ERH)



Vapor Treatment 
via Granular 
Activated Carbon



Tratamiento de 
vapores vía carbón 



granulado activado



El remedio preferido de la EPA
El remedio preferido de la EPA para la limpieza del DNAPL 
en el Sitio, es establecer controles institucionales para preve-
nir cualquier construcción futura que no sea uso industrial 
en el Sitio, también instalar sondas para calentar el suelo por 



medio de la tecnología llama-
da calefacción con resistencia 
y recolectar los vapores calien-
tes y tratarlos en el sitio utili-
zando el sistema de extracción 
de vapor del suelo (SVE). Este 
remedio, denominado 6A, es 
una de 9 alternativas que la 
EPA consideró.



Other technologies EPA considered include steam injection, 
where gas powered steam is injected below the surface to 
heat the contaminants for collection by an SVE system, 
and hydraulic displacement, which uses water to push 
contamination toward extraction wells. For a more detailed 
discussion of all of the cleanup alternatives, please read the 
full version of this plan located at the repositories or at the 
website www.epa.gov/region09/montrose.



The Site
Montrose Chemical Corporation of California manufac-
tured the pesticide DDT (dichloro-diphenyl-tricloroethane) 
from 1947–1982 at a plant located at 20201 Normandie 
Ave., in Los Angeles County, CA. Chlorobenzene and DDT 
were released in the manufacturing process, and contami-
nated the groundwater in the form of DNAPL. 



The Montrose DNAPL is found entirely beneath the surface 
of the former plant property, and acts as a source of con-
tamination for the groundwater. In 1999, EPA selected a 
groundwater cleanup remedy, which involves the installation 
of a network of wells to pump and treat contamination on-
site. In addition, the decision document specifies that EPA 
needs to develop a cleanup plan for the source DNAPL. The 
groundwater cleanup system is under construction and is 
scheduled to be turned on in November 2014.



Otras tecnologías que fueron consideradas por la EPA in-
cluyen inyección de vapor, donde se inyecta vapor de gas 
por debajo de la superficie para calentar los contaminantes 
recolectados en el sistema SVE, y desplazamiento hidráu-
lico, el cual utiliza el agua para empujar la contaminación 
hacia pozos de extracción. Para más detalles sobre todas 
las alternativas de la limpieza, por favor lea la versión 
completa de este plan localizado en uno de los depósitos 
de información o en internet en la siguiente dirección 
www.epa.gov/region09/montrose.



El Sitio
La empresa Montrose Chemical Corporation of California 
(Montrose) fabricó el pesticida diclorodifeniltricloroetano 
(DDT) desde 1947 hasta 1982 en una planta ubicada en el 
20201 Normandie Avenue, en el Condado de Los Ángeles, 
CA. El clorobenceno y el DDT fueron liberados durante el 
proceso de fabricación y contaminaron el agua subterránea 
en forma de DNAPL.



El DNAPL en Montrose se encuentra totalmente debajo 
de la superficie de la propiedad de la antigua planta y actúa 
como una fuente de contaminación del agua subterránea. 
En 1999, la EPA seleccionó un remedio de limpieza para el 
agua subterránea, el cual consiste en la instalación de una 
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Lateral extent of DNAPL
Alcance lateral de DNAPL



Areas of Mobile DNAPL 
Alcance de DNAPL Móvil



Soil Borings
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Monitoring wells
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LADWP Right-of-Way
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red de pozos de bombeo y 
tratamiento de la contami-
nación en el Sitio. Además, 
el documento de decisión 
especifica que la EPA debe 
elaborar un plan de limpieza 
para la fuente del DNAPL. 
El sistema de limpieza del 
agua subterránea se encuen-
tra en construcción y está 
programado para activarse 
en noviembre del 2014.



Estimated Extent of Mobile 
DNAPL / Alcance Estimado 
del DNAPL Móvil



Information Repository / Depósitos de Información



The documents EPA considered in developing this Proposed Plan are available at the following locations /  
Los documentos utilizados para desarrollar este Plan Propuesto están disponibles en:



Katy Geissert Civic Center Library 
Biblioteca del Centro Cívico de Torrance
3301 Torrance Boulevard
(310) 618-5959



Carson Public Library 
Biblioteca Pública de Carson 
151 East Carson Street 
(310) 830-0901



EPA Superfund Records Center 
Centro de Documentos de  
Superfund de la EPA
95 Hawthorne Street
San Francisco, CA 94105
(415) 536-2000



The Proposed Plan and other information about the Montrose Site can also be found at EPA’s web page at /  
El Plan Propuesto y otra información sobre el sitio Del Amo se encuentran en la página web de la EPA en: 



www.epa.gov/region09/montrose
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Email / Correo Electrónico
Email comments to /  
enviar sus comentarios a través de correo electrónico a:  
martinez.yarissa@epa.gov



Sitio Superfund  Montrose  Superfund Site
United States Environmental Protection Agency, Region 9
75 Hawthorne Street (SFD-6-3)
San Francisco, CA  94105
Attn: Alejandro Diaz (Montrose 9/14)



Official Business
Penalty for Private Use, $300



Address Service Requested



FIRST-CLASS MAIL
POSTAGE & FEES 



PAID
U.S. EPA



Permit No. G-35
Public Comment Period
EPA is offering a longer-than-usual comment period to ensure 
the public has time to develop their comments. The comment 
period extends through Friday, February 13th, 2015.



Periodo de comentarios públicos
La EPA está ofreciendo un período de comentario más largo de lo normal para 
asegurar que el público tenga tiempo para desarrollar sus comentarios. El 
periodo de comentario será hasta el viernes, 13 de febrero del 2015.



Mail / 
Correo
Please submit your comments  
to the EPA Project Manager /  
Por favor, envíe sus comentarios a 
la gerente del proyecto de la EPA: 



Yarissa Martínez
US EPA
600 Wilshire Blvd., Ste 1460
Los Angeles, CA 90017



Phone & Fax / 
Teléfono y Fax
T: (213) 244-1806  
F: (213) 244-1850













From: Yogi, David
To: pemodog@sbcglobal.net; Cynthia Babich
Cc: Barton, Dana; MARTINEZ, YARISSA; Sanchez, Yolanda; DIAZ, ALEJANDRO; Wetmore, Cynthia
Subject: Phase 1 Functional Test Memo
Date: Wednesday, February 25, 2015 11:45:15 AM
Attachments: Phase 1 Functional Testing Plan_final revised_public.pdf


Hi Cynthia,
Per our conversation last week, please find attached the Phase 1 Functional Test (i.e., 30-60
 minute test) memo.  The test has been schedule to happen tomorrow, February 26.  As
 mentioned in Attachment 2 of the February 17 agenda, we will be providing test results to
 DAAC within 7-10 days of receipt by EPA.  It is now anticipated these results will be
 delivered to EPA within 1-3 weeks after completion of the test.  If you have any questions,
 please feel free to contact me.
 
Thanks,
David
 
David Yogi
Manager, Community Involvement Section
Superfund Division
U.S. Environmental Protection Agency
Phone:  415-972-3350
Mobile:  415-760-5419
Email:  yogi.david@epa.gov
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Phase 1 Functional Testing Plan 



Torrance Groundwater Remediation System (TGRS) 



Montrose Superfund Site, Los Angeles, California 



Objective 



The objective of this short-term test is to demonstrate that the TGRS system is capable of reducing 



dissolved para-chlorobenzene sulfonic acid (pCBSA) concentrations to below the reinjection standard 



under the Record of Decision (25 milligrams per liter [mg/L]) exclusive of any benefit offered by the new 



carbon in the liquid-phase granular activated carbon (LGAC) vessels.  pCBSA concentrations of 23 and 31 



mg/L were detected after air stripping during the first and second functional tests conducted on 



December 1 and 15, 2014, respectively.  However, some of the ozone generation cells did not work 



properly during the second functional test, resulting in an ozone dose approximately 12% below target 



levels.  The faulty ozone generation cells have since been repaired.  Although the new carbon reduced 



pCBSA concentrations below the reinjection standard during the second functional test, the benefit 



offered by this carbon is not expected to be long lasting based on previous bench testing results.  



Therefore, prior to longer term testing, another short functional test will be conducted to ensure that the 



new TGRS system can achieve the 25 mg/L pCBSA injection standard under this short-term test.    



Parameters 



The parameters for the Phase 1 functional test are defined as follows: 



 Extraction Well Flow Rates = same as first functional test (see table below) 



 Total Target Flow Rate = 700 gallons per minute (gpm) 



 Target Ozone Dose = 26 to 27 mg/L 



 Air Stripping Configuration = two in parallel, as designed 



Proposed Extraction Well Flow Rates 



Well 
Flow 



(gpm) 



UBA-EW-1 25 



UBA-EW-3 15 



MBFB-EW-1 0 



BF-EW-1 42 



BF-EW-2 83 



BF-EW-3 80 



BF-EW-4 140 



BF-EW-5 15 



G-EW-1 125 



G-EW-2 30 



G-EW-3 25 



G-EW-4 120 



Total 700 



 



With the exception of the ozone dose, the above parameters are identical to the first functional test 



conducted on December 1, 2014.  For the proposed Phase 1 test, the ozone dose will be increased to the 



maximum or near maximum concentration feasible using the ozone generator.  The treated groundwater 
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generated during the Phase 1 test will not be discharged and held on site pending laboratory results 



confirming that chemical concentrations were reduced in compliance with the ROD’s reinjection 



standards.  Laboratory results will be submitted simultaneously to EPA and the State.  If the laboratory 



results demonstrate that the pCBSA concentration meets the 25 mg/L injection standard and with 



concurrence by EPA, Montrose will discharge the treated water from the Phase 1 testing via the injection 



wells.  



Duration 



The duration of the Phase 1 test will be between 30 and 60 minutes.  Effluent holding Tank 3770 and 



Utility Tank 3750 have a combined capacity of 50,000 gallons.  Assuming that both of these tanks are used 



to temporarily contain the treated groundwater (up to 85% of the tank capacity), the maximum duration 



of this test will be 60 minutes at 700 gpm.  This duration is sufficient to overcome the entrained capacity 



of the process vessels and build up the ozone concentration to the target dose.   



Sampling 



Representative groundwater samples will be collected from the influent, after HiPOx, after air stripping, 



after LGAC, and from the effluent tank.  Representative vapor samples will be collected from the VGAC 



influent and discharge stack.  The groundwater and vapor samples will be analyzed as follows: 



Sample 
VOCs 
EPA 



8260B1 



SVOCs 
EPA 



8270C 



pCBSA 
EPA 



314.0 M 



Metals 
EPA 6010B 
and 7470A 



Arsenic 
EPA 
6020 



Pesticides 
EPA 



8081A 



TOC 
EPA 



415.1 



VOCs 
EPA 



TO-15 



Groundwater 



Influent X  X  X  X  



Post-HiPOx X  X  X  X  



Post-Air 
Stripper 



X  X  X    



Post-LGAC X X X X X X   



Effluent Tank   X      



Vapor 



VGAC Influent        X 



Discharge 
Stack 



       X 



1Including fuel oxygenates 



Analysis of the groundwater samples will focus on dissolved VOCs (including TBA), pCBSA, and arsenic.  



The influent and post-HiPOx samples will additionally be tested for Total Organic Carbon (TOC) to support 



evaluation of oxidant demand for the HiPOx system.  The post-LGAC groundwater sample will be tested 



for the full suite of chemicals with established reinjection standards.  The effluent tank sample will be 



tested for pCBSA at the request of the State.  The samples will be analyzed on standard 5-day turnaround.  



In addition to the laboratory analysis, groundwater pH, dissolved oxygen, and chemical oxygen demand 



will be measured in the field at all four sample locations using calibrated water quality instruments.         
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Discharge of Existing Water 



The effluent and utility tanks are currently holding approximately 40,000 gallons of treated groundwater 



generated during the second functional test conducted on December 15, 2014.  That groundwater meets 



the injection standard for pCBSA (less than 25,000 ug/L) and only two volatile organic compounds (VOCs) 



were detected (12 ug/L tert-butyl-alcohol [TBA] and 3.9J ug/L acetone).  There is no state or federal 



maximum contaminant level (MCL) for TBA or acetone, but there is a state action level of 12 ug/L for TBA.  



Prior to conducting the Phase 1 functional test, a verification sample of the treated groundwater from the 



second functional test will be collected and analyzed for pCBSA.  Laboratory results will be submitted 



simultaneously to EPA and the State.  If the verification sample confirms that pCBSA is below the injection 



standard and with concurrence from EPA, the treated groundwater will be pumped to the TGRS injection 



wells. 



Schedule and Reporting 



Following EPA and State approval, the Phase 1 functional testing will be scheduled.  All field activities can 



be completed in a single day, and only one to two days of advance planning will be required to coordinate 



resources and sampling supplies.  Once established, EPA and the State will be notified at least 24 hours in 



advance of the Phase 1 functional testing schedule. 



Laboratory analysis of the Phase 1 functional testing samples will take approximately five business days.  



Upon receipt, the laboratory results and associated field parameters will be tabulated.  Following review 



by Montrose, the results table and laboratory report will be submitted to EPA and the State.  Given the 



limited nature of the Phase 1 functional testing, no additional reporting is required for this test.    













From: Natalia.Raykhman@CH2M.com
To: Wetmore, Cynthia
Subject: RE: Montrose GW System
Date: Wednesday, February 25, 2015 2:08:53 PM
Attachments: image002.png
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Hi Cynthia,
This is an electronic version of the modeling report (but doesn’t include appendices).  I have a
 complete version on CD, and will be happy to send to Jim if he gives me his address. 
 


From: Wetmore, Cynthia [mailto:Wetmore.Cynthia@epa.gov] 
Sent: Wednesday, February 25, 2015 1:53 PM
To: Raykhman, Natalia/SCO
Subject: FW: Montrose GW System
 
Do have a good report on how the model was established?
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105
(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Wednesday, February 25, 2015 1:51 PM
To: Wetmore, Cynthia
Subject: RE: Montrose GW System
 
One more thing:
Can you direct me to the best report (or reports) that discuss the groundwater modeling
 that was done to support design decisions for the gw system?
Having come into this project with a focus on vapor intrusion, I’m not up to speed on all the
 literature.
Thanks,
Jim W
James T. Wells, PhD, PG
L. Everett & Associates, LLC
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net
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1. Introduction 



This report discusses the development and calibration of the remedial design (RD) model 
and optimization of the remedial wellfield for the Dual Site Groundwater Operable Unit RD 
for the Montrose Chemical and Del Amo Superfund Sites (Dual Site), located in Los Angeles 
County California (Figure 1-1).  The results of the modeling activities discussed in this 
report were used to develop the Overall Operational Design (OOD), which includes a set of 
design specifications for the initial remedial wellfield.  The OOD is presented in a separate 
report (CH2M HILL, 2008).   



1.1 Objectives of Model Development and Remedial Wellfield  
Optimization 



The Record of Decision (ROD) for the Dual Site Groundwater Operable Unit issued by the 
United States Environmental Protection Agency (EPA) on March 30, 1999 (ROD) selected a 
remedy for the dissolved-phase contamination at the site, and mandated that the RD model 
be used for the development and optimization of the remedial wellfield.  The ROD also 
required that the remedial wellfield meet a number of design requirements and objectives.  
The detailed requirements of the ROD appear primarily in ROD Section 13 (EPA, 1999).  
Some of the most critical ROD requirements pertaining to the development of the remedial 
wellfield include the following: 



• A total pumping rate for the remedial wellfield that is not less than 700 gallons per 
minute (gpm); 



• Indefinite containment of all contaminants presently within a zone that the ROD refers 
to as the containment zone (CZ); 



• Containment of the overall distribution of Dual Site contaminants; 



• Reduction of the volume of water with concentrations of contaminants above drinking 
water standards to zero, progress toward which is required within certain timeframes; 



• Achieving certain pore-volume flushing rates within the contaminant distributions; 



• The limiting of adverse migration of significant contaminants, either as concentrations in 
the dissolved phase, or nonaqueous phase liquid (NAPL), especially to hydrostratigraphic 
layers lying below the present contamination; to this end, wells and pumping are 
required to reverse or otherwise control downward gradients; and 
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• The redistribution of groundwater extraction as the contaminant plume shrinks,1 from 
clean areas to remaining contaminated areas, to expedite overall cleanup and make it 
more efficient.   



The primary general objective of the modeling activities was to meet the requirements of the 
ROD with regard to the development and optimization of the remedial wellfield.  The 
specific objectives included the following:  



• Development and calibration of the numerical RD model, which is accepted by EPA, 
Shell Oil Company (Shell), Montrose Chemical Corporation of California (Montrose), 
and other stakeholders as an appropriate tool for the optimization of the remedial 
wellfield;  



• Development and optimization of the remedial wellfield; 



• Failure analysis of the remedial wellfield to ensure that it can meet ROD requirements 
with a sufficient degree of certainty, and in a manner sufficiently robust to succeed even 
if actual site conditions differ from those assumed or change in the future; and 



• Development of the OOD that meets all ROD requirements.   



1.2 Project Background and Overview 
The original numerical model of the Dual Site was developed as part of the Joint 
Groundwater Feasibility Study (JGWFS) to compare remedial alternatives.  The JGWFS 
model was developed by Montrose, and by Shell Chemical Company (Shell), who are the 
potentially responsible parties and are conducting the remedial design under EPA order.  
The JGWFS model is discussed in detail in the Final JGWFS for the Montrose and Del Amo 
Sites, Appendix B (CH2M HILL, 1998).  The JGWFS model was revised as part of the initial 
calibration and data gap analysis, which were performed during RD to quantify the 
predictive uncertainty of the model, and to identify data types that could have the greatest 
effect in reducing this uncertainty (i.e., identify data gaps).  The results of this analysis are 
discussed in detail in the Initial Calibration and Data Gap Analysis Report (CH2M HILL, 
2005).  Extensive additional data acquisition activities were performed by Montrose and 
Shell during RD to address the data gaps identified by modeling and also to provide 
additional data required by the ROD.   



The RD model described in this report was constructed and calibrated based on the most 
complete and comprehensive data set available at this time, including data collected during 
the remedial investigation/feasibility study (RI/FS) and RD phases by Shell, Montrose, and 
other parties.  These data include hydrostratigraphic information from numerous soil 
borings, contaminant concentration and water level measurements collected over a period 
of 1985 through 2006, and the results of extensive pilot-scale extraction and injection testing.   



                                                      
1 Redistribution means shutting down a well(s) on the downgradient end of a shrinking plume once the well is in clean 
groundwater.  Further, the pumping rate would be increased in other active well(s) upgradient within the remaining plume by an 
amount required to expedite overall cleanup, make cleanup more efficient, and meet the requirements of the ROD.  The same 
effect could be achieved by distributing the pumping to a newly installed well(s). 
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Model calibration and optimization of the remedial wellfield were performed using the 
parameter estimation software package PEST (Doherty, 2002; Doherty and Johnston, 2003), 
which allowed automatic calibration (versus traditional manual calibration, which is a more 
time-consuming and less-effective process).  In addition, the use of PEST allowed 
cost-effective optimization of the remedial wellfield and failure analysis to ensure that the 
wellfield can perform reasonably well under a range of plausible conditions.   



All modeling activities (including model development, model calibration, and remedial 
wellfield optimization and failure analysis) were conducted with the oversight and regular 
involvement of Montrose and Shell.  All modeling files were provided at the CH2M HILL 
file transfer protocol (FTP) site on the Internet for review on a regular basis.  The results of 
this review were discussed at modeling meetings and/or regular modeling conference calls, 
so that input from Shell, Montrose, EPA, and the Department of Toxic Substances Control 
(DTSC) could be incorporated in a timely manner at every step of the modeling process.  All 
final numerical model files for the model calibration and optimization of the remedial 
wellfield were also provided at the CH2M HILL FTP site.   



1.3 Report Organization 
The report consists of the following sections; figures are provided at the end of each section: 



• Section 1, Introduction—Discusses the objectives of the modeling activities, project 
background and overview, the organization of his report, and the definition of terms 
used in this report. 



• Section 2, Model Development—Discusses the conceptual and numerical model of the 
Dual Site. 



• Section 3, Model Calibration—Discusses calibration methodology and calibration 
results. 



• Section 4, Wellfield Optimization—Discusses the optimization methodology and the 
results of the remedial wellfield optimization.   



• Section 5, Wellfield Failure Analysis—Discusses the methodology and results of the 
remedial wellfield failure analysis.   



• Section 6, Conclusions and Recommendations—Presents conclusion and 
recommendations based on the findings of these modeling activities.   



• Section 7, References—Presents a list of bibliographic references used in this report. 



The following appendixes also are included in this report: 



• Appendix A—Electronic Copy of Baseline Calibrated Model and Optimized Wellfield 
Simulation 



• Appendix B—Electronic Copy of Simulated Pilot Test Hydrographs 



• Appendix C—Modifications to MT3DMS Code 
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• Appendix D—Electronic Copy of Simulated Chlorobenzene, Benzene, and p-CBSA 
Chemographs 



• Appendix E—3D Animations of Optimized Wellfield Performance 



1.4 Definitions of Terms 
This section contains definitions of several important terms used repeatedly in this 
document.  The terms used in this report are consistent with those used in the ROD.  The 
ROD provides requirements, some of which differ by areas defined in the ROD such as the 
chlorobenzene plume, benzene plume, trichloroethene (TCE) plume, and containment zone 
(CZ).  This document assumes a familiarity with these concepts, which are defined in detail 
in the ROD. 



Wellfield configuration – The spatial layout (locations) of extraction and injection wells for 
each hydrostratigraphic unit (HSU) from which extraction and injection are required. 



Remedial wellfield – Wellfield configuration combined with a pumping schedule (for 
example, location, HSU, and specified extraction rates through time for each well). 



Calibration target – A field measurement (for example, a water level or contaminant 
concentration measured at a specific well at a specific time), or an estimate derived from 
field measurements (for example, a water-level difference computed from two water-level 
measurements).  The calibration process attempts to adjust model properties so that 
simulated values match these measurements. 



Remediation target – A numerical representation derived from the ROD remedial objectives 
and standards incorporated as targets into optimization simulations (for example, pump 
rate, plume containment, plume volume reduction, etc.). 



Design constraint – An enforced limit on the RD (for example, feasible locations for wells 
and well-specific production capacities). 



Optimization target – A numerical representation of a design characteristic that is 
preferred, but not required.   



CZ containment well – An extraction or injection well that has, as a primary purpose, the 
maintenance of containment of dissolved-phase contaminants within the CZ, including the 
limiting of vertical adverse migration from shallower to deeper HSUs (for example, 
reversing downward hydraulic gradients through extraction or injection).   



Plume-reduction well – An extraction well that has, as a primary purpose, the reduction of 
the volume of the chlorobenzene plume outside the CZ, within the target timeframes 
specified in the ROD.  
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2. Model Development  



This section discusses the conceptual and numerical model of the Dual Site including code 
selection, model geometry, boundary conditions and recharge, model layers, hydraulic and 
transport properties, and water levels.  It also discusses distribution of contaminant plumes 
including chlorobenzene, benzene, parachlorobenzene sulfonic acid (p-CBSA), and TCE 
used for model calibration and optimization of the remedial wellfield.   



2.1 Code Selection 
The groundwater flow model MODFLOW-2000 (United States Geological Survey [USGS], 
2000), the solute-transport model MT3DMS (Zheng and Wang, 1999), and the particle-
tracking code MODPATH (USGS, 1994) were used for the development of the RD model.  
MODFLOW-2000 and MT3DMS are the updated versions of the numerical flow and 
transport codes that were used for the JGWFS model (i.e., MODFLOW [USGS, 1988] and 
MT3D96 [S.S. Papadopulos & Associates, 1996]).  These codes are widely accepted by the 
regulatory community, and are used extensively by EPA at numerous sites across the 
country, primarily because these codes are in the public domain, are well-documented, and 
have been verified against a number of analytical solutions.   



Model calibration and optimization of the remedial wellfield were performed using the 
parameter estimation software package PEST (Doherty, 2002; Doherty and Johnston, 2003).  
The use of PEST allowed:  



1. Automatic model calibration (versus traditional manual calibration, which is a more 
time-consuming and less-effective process);  



2. Calibration to multiple target types (e.g., hydraulic heads, vertical head differences, pilot 
test data, and concentrations of chlorobenzene, benzene, and p-CBSA);  



3. Numerical uncertainty and data gap analysis, which allowed identification of additional 
contamination in the Gage aquifer;  



4. Development and optimization of the remedial wellfield, which is capable of achieving 
all remedial objectives of the ROD in a cost-effective manner and with a reasonable 
degree of certainty; and finally  



5. Failure analysis of the remedial wellfield in order to assess the impact of modeling 
uncertainties on the wellfield performance.   
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2.2 Model Geometry 
The model domain is a rectangular area roughly centered on the Dual Site and extending 
laterally beyond the site boundary (see Figure 2-1).  As discussed in the ROD, the Dual Site 
consists of:  



1. The former Montrose and Del Amo properties 



2. The areas of groundwater contamination originating from these properties 



3. The areas of groundwater contamination originating from other adjacent sources that 
partially or completely overlap with contamination originating from the former 
Montrose and Del Amo properties and could be impacted by the selected remedial 
actions. 



The model domain extends over an area of approximately 5,400 acres or 8.5 square miles.  It 
is oriented in a northwest to southeast direction, approximately parallel to the predominant 
groundwater flow direction in the principal HSUs.   



The model grid consists of 166 rows, 126 columns, and 13 layers, for a total of 271,908 cells, 
264,620 of which are active in simulations.  Most model cells are 100 feet by 100 feet square, 
with 16 columns of 200-foot by 100-foot cells along the northern edge.  The model grid was 
refined by a factor of two from its original size (mostly 200-foot by 200-foot cells) to reduce 
numerical dispersion during solute transport simulations of the benzene and chlorobenzene 
plumes.  As discussed in Interim Modeling Memorandum No. 16: Grid Refinement Issues 
and Responses to Shell’s April 19, 2006 Letter (CH2M HILL, 2006b), this grid size was 
selected by running the model with several refined grids and identifying a grid spacing that 
could be used without significantly compromising the accuracy of results.  This grid size 
was selected to balance the increase in run time caused by smaller grid spacing with the 
benefit of more accurate modeling predictions due to decreased numerical dispersion.   



Vertically, the model is divided into 13 layers of variable thickness that represent 8 HSUs 
identified to depths of approximately 400 feet beneath the Dual Site (see Table 2-1).  Model 
layers were defined using numerous site-specific hydrostratigraphic data collected during 
the RI and RD investigations, including additional Gage aquifer investigations performed 
based on the results of the data gap analysis to assess the extent of the chlorobenzene 
plume.  The locations of lithologic control data within the model domain are shown in 
Figure 2-2, and a summary of the hydrostratigraphic control data is presented in Table 2-2.   



To ensure sufficient numerical accuracy in model simulations, the Lower Bellflower 
aquitard (LBF) and Gage-Lynwood aquitard (GLA) were subdivided into three model layers 
each; and the Middle Bellflower C-Sand (MBFC) was subdivided into two model layers, 
MBFCl and MBFC2 (layers 4 and 5, respectively).  Because of the limited data for the 
Lynwood aquifer, the bottom model layer (layer 13) representing the Lynwood aquifer was 
assigned a thickness of 50 feet, which is approximately half of the known thickness of the 
Lynwood aquifer.  This layer serves as a vertical (bottom) boundary of the model.  
Figures 2-3A through 2-3H show interpreted elevation contours of the base of each HSU. 
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TABLE 2-1 
Hydrostratigraphic Units and Model Layers 



Hydrostratigraphic Units (HSUs) 



Del Amo Nomenclature and HSU No. Montrose Nomenclature Model Layers 



Upper Bellflower Aquitard (UBF) – 1 1 
MBFB – 2 2 
MBFM – 3 



Upper Bellflower Aquitard (UBA) 



3 
Middle Bellflower 
Aquitard (MBF) 



MBFC – 4 Bellflower Sand 4 and 5 
Lower Bellflower Aquitard (LBF) – 5 Lower Bellflower Aquitard (LBF) 6, 7, 8 
Gage Aquifer – 6 Gage Aquifer 9 
Gage-Lynwood Aquitard (GLA) – 7 Gage-Lynwood Aquitard (GLA) 10, 11, 12 
Lynwood Aquifer – 8 Lynwood Aquifer 13 



 



2.3 Boundary Conditions  
A combination of general-head and no-flow boundaries was used for the numerical model 
of the Dual Site.  General-head boundaries (GHBs) were used to allow hydraulic head to 
vary under different hydraulic stresses during simulations of remedial pumping and 
injection.  For each GHB cell, a reference head was assigned outside the model domain, and 
corresponding values of conductance were derived to reproduce the interpreted water 
levels at the model boundaries.  GHBs in the aquitards were estimated from measured 
water-level elevations in the overlying and underlying aquifers, and were based on the 
assumption of steady flow conditions (see Section 2.4).  Specifically, four to seven points 
were defined along the model boundaries based on the 2006 baseline water-level contours 
extrapolated to the edges of the model domain.  The number and locations of these points 
depended on the availability of water-level data in the vicinity of the model boundaries in 
each HSU.  GHBs between these points were derived by interpolation of water levels 
between these points.   



In addition, a small number of no-flow or zero-flux cells were used in certain boundary 
segments of the Upper Bellflower aquitard (UBF) and the Middle Bellflower Mud (MBFM) 
where these units are unsaturated (Section 2 of the JGWFS, CH2M HILL, 1998).  The 
Dominguez Channel was simulated using the river package in MODFLOW (USGS, 1988).  
Model boundary conditions are shown in Figure 2-1. 



In the transport model, the GHBs were treated as source/sink terms with the concentration 
at the reference location prescribed at zero.  Cells with constant concentrations were used to 
simulate the NAPL sources and other areas with persisting detected contaminant 
concentrations in groundwater.  The source concentrations were estimated from 2006 
baseline concentration data.  The development of the source terms is discussed further in 
Section 2.8 of this report. 
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Boundary conditions were adjusted to match measured water-level elevations and 
contaminant concentrations during the calibration process.  To the extent possible, the 
boundaries were set at sufficient distances away from areas proposed for pumping and 
injection in order to minimize the impacts on groundwater flow and migration of dissolved 
contaminants.  Water-level drawdowns and other effects of the flow and transport 
simulations were determined to be insignificant at the model boundaries. 



2.4 Groundwater Flow Conditions 
The 2006 baseline water level data were used for the calibration of the numerical model (see 
Figure 2-4).  Steady-state conditions were assumed to be appropriate for these simulations 
because of the following facts: 



• The West Coast Basin is overlain by the low-permeability fine-grained Bellflower 
aquitard, and seasonal changes in the amount of recharge do not significantly affect 
groundwater levels. 



• The total regional groundwater production from the West Coast Basin is essentially 
constant because the basin is adjudicated. 



• A rising trend in the groundwater elevations appears to be uniform and similar in all of 
the units of interest (units within the Bellflower aquitard and the Gage and Lynwood 
aquifers); and therefore, horizontal and vertical components of hydraulic gradient in 
these units do not change significantly in response to this rise (see Section 2 of the 
JGWFS, CH2M HILL, 1998).   



Based on the above, the impact of this rise of water levels on the model simulations is not 
expected to be significant.  It also is anticipated that water levels at the Dual Site would 
approach steady-state shortly after the start of the remedial actions (i.e., drawdown and 
mounding in the remedial extraction and injection wells, respectively, will stabilize in a 
short period of time relative to an overall remedy implementation).  This was confirmed by 
the pilot extraction and injection testing, which indicated that water levels stabilize 
relatively quickly during pilot pumping and or injection.  This comprehensive pilot 
program was implemented by Montrose to obtain data on the hydraulic properties of the 
aquifers and aquitards, and specific capacities of injection and extraction wells.  The pilot 
testing program included six extraction and four injection tests of relatively long duration 
(up to 5 days) and with relatively high flow rates (up to several hundred gpm).  In addition, 
three additional 12-hour aquifer tests were performed using monitoring wells at the 
downgradient edge of the chlorobenzene plume in the MBFC.  A detailed discussion of the 
pilot testing program is included in the Pilot Extraction and Aquifer Response Test 
Completion Report (Hargis + Associates [H+A], 2008).   
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



BL-10B&C 4195754 4058949 56  -39 -53 -58.00 -63 -70.00 -77.00 -84 > -99     
BL-11B&C 4195771 4057839 56  -44 -53 -58.00 -63 -70.00 -77.00 -84 > -99     
BL-12C 4195487 4058083 56.25  -26.25 -41.75 -65.25 -78.25 -80.75 -83.25 -85.75      
BL-13C 4196049 4057119 53.41  -37.09 -41.59 -58.84 -76.09 -82.09 -88.09 -94.09      
BL-9B 4195784 4059830 53  -42 -55  > -66         
Carson 2 4202704 4047843 40        -90 -155 -158.33 -161.67 -165 -215 
CPL0005 4198505 4057792 37.47 -33             
CPL0009 4199559 4057676 32.8 -44             
CPL0011 4197437 4056540 42.45 -16 -38 -41           
CPT-1 4199266 4056201 33.45 -34             
CPT-11 4199532 4056718 34.2 -42             
CPT-12 4199448 4056533 34 -38             
CPT-13 4199181 4056520 34.47 -34             
CPT-14 4199030 4056521 35.04 -34             
CPT-15 4198879 4056516 35.5 -34             
CPT-16 4198729 4056518 35.83 -33             
CPT-17 4199084 4056721 36.27 -36             
CPT-18 4198939 4056720 36.84 -33             
CPT-2 4198211 4056172 37.99 -17             
CPT-3 4199594 4056220 27.28 -42             
CPT-4 4198847 4056449 32.19 -33             
CPT-5 4199712 4056474 30.4 -41             
CPT-6 4199910 4056420 29.8 -46             
CPT-7 4199333 4056521 33.52 -37             
CPT-8 4199532 4056510 32.6 -40             
DB-1 4194319 4058333 54.7  -46.3 -50.3 -59.80 -69.3 -72.63 -75.97 -79.3 -165.3     
DB-2 4195364 4060761 49.7  -51.3 -55.3 -60.80 -66.3 -77.3 -86.3 -91.3 -168.3     
EB-18  4202113 4052362 34.93     -113.57 -115.07 -116.57 -118.07 >-167.07     
EB-19 4198942 4054829 37.93     -101.37 -107.37 -113.37 -119.37 -166.07     
EB-20 4195863 4055486 46.48     -67.52 -69.02 -70.52 -72.02 >-152.02     
EB-21 4196831 4053430 35.96     -84.04 -85.71 -87.37 -89.04 >-164.04 -170.00 -175.00 -180  
EB-22 4198327 4052776 24.95     -87.25 -88.85 -90.45 -92.05 -156.05     
EB-23 4198680 4054176 31.4     -93.9 -98.80 -103.70 -108.6 -164.9     
EB-25 4199886 4056660 34.5     -107.5 -115.50 -123.50 -131.5 -186.5     
EB-26 4194654 4057065 55.41  -43 -52 -60.80 -69.59 -72.92 -76.26 -79.59 -157     
EB-27 4197434 4056542 42.1     -71.9 -81.03 -90.17 -99.3      
EB-28 4194924 4055578 50.42     -74.58 -78.58 -82.58 -86.58 >-149.58     
EB-29 4195114 4053641 45.38     -74.62 -77.55 -80.49 -83.42 -156.02     
EB-30 4200748 4051398 36.56     -78.44 -85.31 -92.17 -99.04 -156.34     
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



EB-31 4202580 4050665 36.92     -68.08 -78.91 -89.75 -100.58 -162.58     
EB-32 4201359 4053430 32.68     -115.62 -122.42 -129.22 -136.02 >-167.32     
EB-33 4202922 4052014 32.93     -110.57 -114.64 -118.70 -122.77 >-168.07     
EB-34 4201964 4053879 32     -122.2 -125.87 -129.53 -133.2 >-168     
EB-36  4199810 4053771 24.46     -91.24 -100.87 -110.51 -120.14 >-170.54     
EB-37 4197124 4054177 41.26     -83.44 -86.14 -88.84 -91.54 -154.74     
G-23 4198928 4053550 37.43     -87.57 -92.57 -97.57 -102.57 >-142.57     
G-28 4200173 4052086 36.09     -96.41 -100.74 -105.08 -109.41 >-158.91     
G-29 4201437 4052832 35.83     -111.17 -113.17 -115.17 -117.17 >-164.17     
GGWMW2 4193840 4056858 52.5 17 -42 -51  > -68         
GGWMW3 4192846 4056825 52.5 23 -47 -51  > -68         
MWG001 4197176 4059055 54  -46 -58 -64.00 -70 -96 -103 -108 > -133     
MWG002 4197175 4058357 55  -59 -62 -69.00 -76 -91 -97 -104 > -140     
SBL0013 4199584 4058732 36.4 -39 -47 -47 -90 -101 -109 -135 -144      
SBL0014 4198063 4056984 38.39 -21 -38 -47 -83 -96 -98 -104       
SBL0015 4198907 4058894 37.2 -34 -54 -60 -93 -115 -119 -127 -131      
SBL0016 4198842 4056885 35.72 -34 -53 -53 -92 -109         
SBL0019 4201224 4057883 21.34 -61 -84 -84 -101 -105 -113 -133 -141      
SBL0020 4197440 4056537 42.35 -15 -35 -63 -68.5 -72 -84 -90 -100      
SBL0021 4198037 4059262 42.7 -30 -46 -57 -74 -92 -100 -110 -115 -182     
SBL0022 4200338 4057885 32 -50 -66 -66 -98 -113 -124 -140 -149      
SBL0023 4199215 4056525 34.75 -33 -51 -51 -88 -101 -106        
SBL0024 4198585 4056524 36.44 -27 -56 -56 -92 -104 -112        
SBL0025 4201300 4059096 23.59 -51 -65 -65 -104 -112 -116 -130       
SBL0026 4200391 4056456 31.53 -58 -71 -71 -101 -124 -130        
SBL0027 4198428 4060735 40.38 -49 -79 -103 -105 -116 -122 -132 -138 -216     
SBL0028 4201141 4056416 26.75 -60 -73 -73 -109 -129 -136.00 -143.00 -150      
SBL0029 4198634 4058107 39.71 -32 -36 -36 -86 -105 -116        
SBL0030 4198030 4059899 42.22 -33 -54 -63 -82 -95         
SBL0031 4201301 4057135 23.98 -66 -73 -73 -98 -105 -115 -124 -136      
SBL0032 4199326 4060737 36.7 -57 -87 -97 -111 -120         
SBL0034 4199336 4060109 40.09 -57 -91 -97 -113 -120 -123 -130 -141      
SBL0035 4200685 4058611 28.65 -56 -69 -69 -99 -106 -114 -119 -135      
SBL0050 4198271 4058410 40.9 -30             
SBL0051 4201891 4057040 23.64 -71 -76 -76 -104 -112 -122 -126 -146      
SBL0052 4200097 4056873 33.9 -54 -78 -78 -103 -117 -121 -136 -144      
SBL0053 4200451 4055844 20.15 -54 -78 -78 -103 -112 -117 -132 -146      
SBL0054 4201078 4055866 21.1 -61 -69 -69 -109 -125 -128 -149 -156      
SBL0059 4199423 4056862 34.81 -40 -51 -51 -87 -107 -115 -131 -136      
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



SBL0065 4198400 4056617 38.94 -21             
SBL0077 4200260 4054982 23.15 -48 -60 -60 -92 -108 -109 -119 -130 -190     
SBL0078 4197954 4058850 42.3 -32 -46 -57 -80 -90 -96 -107 -116 -182     
SBL0079 4198261 4058275 42.31 -33 -43 -50           
SBL0080 4198562 4056183 36.2 -47 -58 -58 -85 -108 -110 -116 -117 -176     
SBL0081 4199553 4057684 33.21 -46 -59 -59 -95 -104 -113 -130 -139      
SBL0084 4199556 4056522 32.72 -41 -57 -57 -89 -104         
SBL0097 4198884 4057958 36.28 -42 -47 -47 -84 -100 -106 -108       
SBL0099 4198445 4057717 39.5 -34 -43 -49 -79 -105         
SBL0101 4199100 4057244 36.79 -41 -45 -45 -80 -100 -109 -116       
SBL0103 4198993 4056528 35.4 -35 -39 -39 -70 -97 -101        
SBL0106 4199976 4056155 23.69 -49 -54 -54 -100 -108 -110        
SBL0107 4199614 4055494 29.39 -40             
SBL0108 4198515 4056928 38.52 -33 -46 -48 -83 -108 -112.67 -117.33 -122      
SBL0475 4198425 4058438 40.85 -26 -48 -56 -79.50 -103         
SBL0476 4198053 4058306 40.64 -31 -45 -56 -80.00 -104 -114 -118 -120 -180     
SBL0498 4198018 4058469 39.35 -31 -46 -55 -79.00 -103 -105 -114 -118      
SBL0499 4198329 4057715 41 -36 -39 -49 -74.50 -100 -105 -118 -120      
SBL0500 4198788 4057623 38 -35    -105 -109 -123 -131      
SBL0501 4198032 4057569 39.92 -27 -43 -52 -76.50 -101 -106 -109 -114      
SWL0060 4201259 4057095 24.95 -69    -105         
WCC-1D 4196999 4059832 50  -57 -63 -77 -87         
WCC-3D 4196831 4059937 51  -59 -68 -72 -80         
X-13DGE 4201400 4053550 30              
X-785BLACO 4191400 4054000 68 10 -7 -7 -40 -61 -61 -61 -61    -235 -285 
X-794ALACO 4196100 4059441 51         -159 -185 -213 -239 -289 
X-795LACO 4196530 4056700 46            -202 -252 
X-808LACO 4198750 4045750 57 25 1 -23 -53 -73 -79 -89 -98 -123 -143 -164 -184 -234 
X-813NLACO 4200350 4062700 35 -81 -85 -105 -115 -125 -136 -154 -171 -241 -259 -277 -295 -345 
X-814DLACO 4202500 4059000 18.3 -57 -67 -73 -87 -108 -122 -137       
X-816LACO 4202220 4054000 30         -196 -211 -225 -240 -290 
X-822FFLACO 4203650 4066200 27 -87 -123 -135 -155 -168 -185 -213 -237 -303 -313 -323 -333 -383 
X-825LACO 4204200 4055400 18 -62 -74 -87 -130 -152 -164 -182 -200 -224 -245 -266 -286 -336 
X-835ELACO 4208300 4054800 8.9 -37 -58 -81 -108 -120         
X-836ALACO 4206700 4051200 25 -37 -51 -51 -81 -94 -100 -109 -118 -173 -180 -188 -195 -245 
XBF-18 4196366 4058108 51.35 -19 -33 -57 -75.50 -94 -96.00 -98.00 -100      
XBF-32A 4194857 4055589 54 7             
XDA-1A 4200434 4055845 21.56         -200 -217 -234 -250 -300 
XDM-3 4198869 4056467 32 -34             
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



XEB-01 4196227 4057561 49.1 3 -19 -41 -53 -74 -79 -89 -90 -152     
XEB-03 4197791 4057207 40.87 -14 -38 -49 -78 -90 -96 -100 -112 -174 -183 -192 -200 -250 
XEB-04 4197706 4056869 42.7 -16 -32 -43 -70 -81 -90 -96 -106 -167 -175 -182 -189 -239 
XEB-05 4197394 4056505 41.5         -158 -164 -171 -178 -228 
XEB-06 4196937 4056497 44 -8 -29 -43 -60 -80 -84 -90 -96 -150 -157 -165 -172 -222 
XEB-08 4196877 4057820 49.28 -2 -18 -47 -71 -88 -90 -95 -99 -171 -177 -183 -189 -239 
XEB-09 4199639 4056482 31.14 -40 -56 -56 -84 -106 -112 -130 -140 -191 -203 -216 -228 -278 
XEB-10 4198999 4056480 35.4 -40             
XEB-11 4198585 4055652 37.8 -26 -41 -41 -71 -84 -91 -102 -113 -173     
XEB-12 4199599 4055474 31 -38 -43 -49 -84 -100 -106 -125 -149 -189 -199 -209 -219 -269 
XEB-13 4200059 4054027 25 -37 -50 -50 -81 -97 -103 -113 -123 -185 -192 -198 -205 -255 
XEB-14 4198540 4054420 31.97 -36 -48 -59 -79 -93 -97 -104 -110 -168 -172 -176 -180 -230 
XEB-15 4197240 4054950 40.54 -38 -44 -54 -69 -84 -86 -88 -89 -159 -164 -168 -172 -222 
XEB-16 4199540 4052130 25.34 -23 -43 -59 -77 -90 -91 -94 -99 -153 -169 -186 -203 -253 
XEB-17 4194718 4052814 37.12 -21 -33 -33 -58 -70 -77 -84 -91 -155 -167 -180 -193 -243 
XEB-2A 4197200 4056890 44.6 -3 -28 -59 -65 -81 -86 -90 -95 -155 -163 -171 -178 -228 
XG-08 4197974 4055531 23.87 -44 -51 -51 -67 -99 -102 -105 -109      
XG-10 4196470 4057900 49.87 -4 -33 -46 -68 -83 -88 -97 -105      
XG-12 4198949 4056036 26.95 -40 -57 -77 -97 -108 -111 -117 -122      
XG-16 4197573 4055518 38.17 -42 -52 -52 -67 -93 -96 -100 -105      
XL-1MO 4192336 4055705 54 -16        -133 -150 -183 -216 -266 
XLW-01 4196897 4057220 45.5 5 -25 -64 -76.5 -85 -87 -91 -96 -164 -169 -174 -179 -229 
XLW-03 4197827 4057929 41.42 -25 -47 -63 -80 -92 -97 -106 -117 -172 -179 -187 -195 -245 
XMW-01T 4197965 4058543 41.77 -29             
XMW-02T 4197845 4058641 42.76 -27             
XMW-03 4196+252 4057308 47.41 1 -19            
XMW-16 4196283 4055732 42.01 -1 -13 -17           
XMW-22 4196753 4055480 41.12 -2 -27            
XMW-29 4198349 4056813 39.23 -32             
XMW-30 4198216 4056157 37.93 -17             
XP-1 4199266 4056202 33.4 -34             
XP-3 4199902 4056422 29.78 -46             
XPZ-300MO 4191073 4056771 55 -34 -55 -55 -76 -86 -86 -86 -86 -140 -174 -209 -243 -293 
XS-302 4196835 4057286 48 4 -16 -61 -73 -81         
1 Elevations are in feet with respect to National Geodetic Vertical Datum of 1929 (NGVD 29). 
2 X and Y coordinates are based on California State Plane Zone 7, North American Datum (NAD), 1927. 
Italicized values are interpolated or extrapolated from nearby data. 
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The top surface of the model was also updated with the 2006 baseline water level data.  
Similar to the previous modeling efforts, such as initial calibration and data gap analysis, 
the top surface of the model was assumed to be constant (i.e., it was assumed that the top 
aquifer is confined).  As discussed in the Work Plan Amendment for the Development of the 
Remedial Design Model and Optimization of the Remedial Wellfield (CH2M HILL, 2006a), 
this assumption was required when PEST was used in conjunction with MODFLOW, 
because PEST could not be used efficiently if any model cells became unsaturated (i.e., 
became dry cells).  However, simulation of an unconfined top aquifer using MODFLOW 
would most likely result in the occurrence of dry cells.  While alternative approaches for 
solving this issue using other available model codes would result in significant cost and 
time increases for the modeling effort, the assumption of confined conditions for the water 
table aquifer was not expected to impact the outcome of the wellfield optimization 
(CH2M HILL, 2006a).  This is because the remedial actions (i.e., remedial pumping and 
injection) will primarily target the deeper aquifers such as the MBFC and Gage aquifers (i.e., 
model layers 4, 5, and 9), while the confined conditions will be assumed for layers 1 and 2.  
Consequently, an approximation of confined conditions for the water table aquifer was 
considered to be acceptable. 



2.5 Hydrogeologic Properties 
Aquifer hydraulic conductivity is a key parameter required in the flow modeling.  Initial 
ranges of hydraulic conductivities were estimated based on aquifer pumping tests and 
laboratory tests conducted during the RIs.  In addition, nine aquifer extraction and four 
injection tests were performed by Montrose during the RD investigations.  The pilot tests 
were generally performed at flow rates similar to expected operational remedial wellfield 
flow rates.  A comprehensive set of water level response measurements was collected 
during the pilot tests from a large number of monitoring wells screened in different HSUs.  
Detailed discussion of the pilot tests is presented in the Pilot Extraction and Aquifer 
Response Test Completion Report (H+A, 2008).  These tests provided the most 
comprehensive data pertaining to hydraulic conductivities and storage coefficients of the 
HSUs beneath the Dual Site.  The hydrogeologic properties of the HSUs were determined 
based on the model calibration to the pilot test data (see Section 3.1.3.3). 



2.6 Groundwater Budget 
The groundwater budget components of the model include recharge and discharge 
components.  The recharge components include groundwater inflow into the modeling 
domain from the upgradient areas and surface recharge.  The regional inflow was accounted 
for through the use of GHB conditions.  The surface recharge within the modeling domain 
includes infiltration of rainfall water, landscape irrigation, and leakage from sewer lines and 
the Dominguez Channel.  The surface recharge was a calibration parameter and was 
estimated during the model calibration (see Section 3).  The rates of total surface recharge 
were assumed to range from 0.01 to 4 inches per year (in./yr), which is reasonable 
considering that some areas get more infiltration of rainfall and irrigation water, while other 
paved areas have very limited recharge.   
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The only known groundwater extraction wellfield within the model domain is located at the 
Mobil Refinery Superfund site.  The coordinates and extraction rates of the Mobil wells are 
presented in Table 2-3.  The locations of Mobil wells are also shown in Figure 2-1. 



TABLE 2-3 
Mobil Refinery Extraction Wells 



Well Name 
Easting 



(feet) 
Northing 



(feet) 



Extraction 
Rate 



(gpm) Model Layers 



Mobil-2 4190982 4056735 146.8 1 – 9 



Mobil-3 4191265 4056735 132.7 1 – 9 



Mobil-4 4191548 4057301 200.6 1 – 9 



Mobil-6 4192538 4055462 130.6 2 – 9 



     



2.7 Contaminant Distributions 
As further discussed in Section 3, all available chlorobenzene, benzene, and p-CBSA 
concentrations, including sampling results for the period of 1985 through 2006, were used 
for model calibration.  The 2006 baseline data were used as initial conditions for the 
contaminant concentrations for the remedial wellfield optimization runs (see Section 4).  The 
modeled initial concentrations in the water table, MBFC, and Gage aquifers are shown in 
Figures 2-5 through 2-7 for the chlorobenzene, benzene, and p-CBSA plumes, respectively.   



The distribution of TCE was characterized during the RI and RD activities based on the data 
collected by Montrose and Shell, and available data collected by others including Boeing, 
International Light Metals, APC, and PACCAR.  The dissolved distribution of TCE is shown 
in Figure 2-8.  However, the contaminant distribution and sources for the TCE plume were 
not sufficiently characterized for solute transport simulations of this constituent.  
Consequently, only advective transport of TCE (i.e., particle tracking) was simulated as part 
of these modeling activities to optimize containment of the TCE plume (see Section 4.1.1.3).   



Initial concentrations for the chlorobenzene, benzene, and p-CBSA plumes in the LBF 
(model layers 6 through 8) were assumed to be transitional between the concentration 
distributions in the overlying MBFC and underlying Gage aquifers.  The assumed 
distributions in the middle aquitard layers were calculated as the geometric mean of the 
bounding aquifers.  The distributions in the upper and lower aquitard layers were 
subsequently calculated as the geometric mean of the middle aquitard layer and the upper 
or lower bounding aquifers, respectively.  Initial concentrations for model layer 3, which is 
composed of both the Middle Bellflower B-Sand (MBFB) aquifer and the MBFM aquitard, 
were set equal to the water table concentrations used in model layers 1 and 2.  Model 
layers 10 through 13 were assigned concentrations of zero.   



2.8 Source Terms 
The source terms for the benzene, chlorobenzene, and p-CBSA plumes incorporated into the 
numerical model are briefly discussed below. 
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2.8.1 Benzene Source Terms 
Locations and strengths of benzene sources within the Dual Site were initially developed 
based on multiple lines of evidence obtained during the RI, including: (1) the historical 
facility layout; (2) known or inferred former chemical processes; (3) chemical characterization 
of light nonaqueous phase liquid (LNAPL); (4) groundwater analytical data; (5) shallow and 
deep soil-gas data; (6) subsurface soil investigations and soil analytical data; and (7) anecdotal 
information from former facility operation personnel and post-facility construction files.  As 
discussed in the JGWFS (CH2M HILL, 1998), the sources of benzene within the Dual Site 
were identified as areas where LNAPL is found or suspected in the subsurface, which are 
determined to be continuously supplying benzene and other LNAPL-related contaminants to 
groundwater.  The benzene sources were further assessed and revised during the RD 
investigations to account for the 2006 baseline data and additional site characterization data 
including the TCE and benzene data acquisition activities.   



It was assumed in the numerical model that the dissolved benzene concentrations in the 
source areas do not change with time (i.e., the concentrations are constant because the mass 
of dissolved contaminants that migrates away from LNAPL sources with groundwater flow 
is replenished by new mass dissolving from LNAPL).  The benzene source terms including 
location (model cell), depth (model layer), and initial concentration are presented in 
Table 2-4 and shown in Figure 2-9.   



Initial source term concentrations in each HSU were estimated from 2006 baseline 
monitoring data and historic benzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3).   



Please note that the results of groundwater sampling performed by Shell in 2008 (after the 
model calibration had been completed) were not incorporated into the model.  These results 
indicated that the modeled benzene sources in the MBFC, near the waste pit source area, 
may be somewhat overestimated.  This is because the 2008 sampling data for MBFC wells 
SWL0040 and XBF-13 located in this area indicated that benzene concentrations in this area 
were relatively low compared to the historical data for these locations (URS, 2008).   



2.8.2 Chlorobenzene Source Terms 
The dense nonaqueous-phase liquid (DNAPL) sources of chlorobenzene at the Montrose 
property were also incorporated in the numerical model of the Dual Site.  Similar to the 
benzene sources, these sources were simulated as constant-concentration source terms based 
on the assumption that the mass of dissolved chlorobenzene that migrates downgradient 
from the DNAPL source with groundwater flow is replenished by new mass dissolving from 
DNAPL.  Constant-concentration chlorobenzene source terms were specified for the model 
cells that most closely coincide with the DNAPL distribution.  These cells encompass a 
400- by 400-foot area that extends from the water table downward through the Gage aquifer, 
at model rows 41 through 44, and columns 61 through 64 (Figure 2-9).  This assumed source-
term depth was based on (1) the presence of DNAPL in the water-table units, (2) on the 
indirect evidence of DNAPL in the form of elevated concentrations of chlorobenzene and 
dichlorodiphenyltrichloroethane (DDT) in soil samples at the bottom of the MBFC, and (3) 
elevated chlorobenzene concentrations in the Gage aquifer (CH2M HILL, 1998). 
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The source term concentrations in each HSU were estimated from 2006 baseline monitoring 
data and historic chlorobenzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3 for initial and calibrated values of the chlorobenzene sources).   



2.8.3 p-CBSA Source Terms 
Sources of p-CBSA also were simulated as constant-concentration cells in the area with the 
highest p-CBSA concentrations, which coincides with the DNAPL area.  Constant-
concentration sources for p-CBSA were assigned to the same cells that were utilized for 
chlorobenzene constant-concentration sources (Figure 2-9). 



The source term concentrations in each HSU were estimated from 2006 baseline monitoring 
data and historic chlorobenzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3 for initial and calibrated values of the p-CBSA sources).   



2.8.4 TCE Sources 
As discussed above, the contaminant distribution and sources for the TCE plume are not 
sufficiently characterized for solute transport simulations of this constituent.  Consequently, 
the solute transport of TCE was not simulated as part of these modeling activities.  
However, advective transport of TCE (i.e., TCE migration with groundwater flow) from the 
source areas was evaluated to design the containment of TCE sources in accordance with the 
requirements of the ROD.  Consequently, the approximate locations of the TCE sources 
were identified in the model through interpretation of available groundwater analytical data 
collected by others and available from agency files, as well as based on data collected as part 
of the Montrose and Del Amo data acquisition activities.  The TCE source located at the 
PACCAR and APC facilities was considered for the design and optimization of the remedial 
wellfield, and is shown with interpreted TCE concentration contours in Figure 2-9. 



2.9 Transport Parameters 
The parameters required in the MT3DMS transport simulations include effective porosity, 
bulk density, dispersivity, retardation coefficient, and intrinsic biodegradation half-life.  
Each of these parameters is briefly discussed below. 



2.9.1 Bulk Density and Porosity 
Initial values of bulk density and porosity were obtained from laboratory tests on samples 
collected at the Dual Site and summarized in Appendix B of the JGWFS (CH2MHILL, 1998).  
Measured bulk density ranged from 1,100 to 2,600 kilograms per cubic meter (kg/m3) with 
an average of 1,720 kg/m3.  Measured total porosity ranges from 36.5 percent to 41.8 percent 
using soil samples beneath the former Del Amo property.  Physical tests conducted as part 
of the MW-20 pilot program showed that effective porosity ranges from 34.1 percent to 
50.4 percent.  Samples collected at the Montrose property indicated that total porosity 
ranges from 33.7 percent in the Lynwood aquifer to 52.1 percent in the MBFM.  The 
variation in measured porosity can be attributed to soil heterogeneity and different 
sampling and testing procedures.   
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TABLE 2-4 
Benzene Source Terms 



UBF (Layer 1) MBFB (Layer 2) MBFM (Layer 3) MBFC (Layers 4 and 5) 



Source 
Area Description 



No. of 
Cells 



Cell Locations 
(row/columns) 



Initial Benzene 
Concentration 



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



2 MW-20 NAPL 
Area 



4 45/79, 80 
46/79, 80 



1,200,000 1,202,000 4 45/79, 80 
46/79, 80 



1,279,000  0    0    



3 Styrene 
finishing/ 
benzene 
purification area 



4 50/83, 84 
51/83, 84 



140,000 140,000 0    0    0    



5 VOC tank farm 13 48/80 
49/78, 79 
50/77, 78 
51/76, 77 
52/75, 76 
53/75, 76 
54/74, 75 



44,000 44,000 13 48/80 
49/78, 79 
50/77, 78 
51/76, 77 
52/75, 76 
53/75, 76 
54/74, 75 



44,000 44,030 0    0    



6 Ethylbenzene 
Production Area 
No. 1 



10 53/78, 79, 80 
54/78, 79, 80 
55/78, 79, 80 



275,000 275,000 10 53/78, 79, 80 
54/78, 79, 80 
55/78, 79, 80 



275,000 275,000 10 53/78, 79, 80 
54/78, 79, 80 
55/ 78, 79, 80 



275,000 276,200 4 54/79, 80 
55/79, 80 



190,000 344,500 



7 Ethylbenzene 
Production Area 
No. 2 



3 55/83 
56/82, 83 



42,000 42,000 0    0    0    



8 Utility Tanks 5 55/71, 72 
56/71, 72 
57/70 



300,000 335,700 5 55/71, 72 
56/71, 72 
57/70 



300,000 274,700 0    0    



9 Waste Pit Area 14 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75 



300,000 420,300 21 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75, 76 
67/75, 76, 77 
68/76, 77 
69/76 



80,000 79,040 21 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75, 76 
67/75, 76, 77 
68/76, 77 
69/76 



80,000 80,060 4 68/75, 76 
69/75, 76 



49,000 64,900 



10 Laboratory and 
Pipelines 



14 73/93, 94, 95 
74/92, 93, 94, 95 
75/91, 92, 93, 94 
76/91, 92, 93 



260,000 260,000 0    0    0    



11 Benzene 
Pipeline 



4 75/84, 85 
76/84, 85 



600,000 754,000 0    0    0    



21 Jones - B 4 42/53, 54 
43/53, 54 



27,000 27,000 4 42/53, 54 
43/53, 54 



27,000 27,000 0    0    



23 Panhandle Area 12 51/67, 68 
52/67, 68 
53/65, 66, 67, 68 
54/65, 66, 67, 68 



3,000 3,000 12 51/67, 68 
52/67, 68 
53/65, 66, 67, 68
54/65, 66, 67, 68



3,000 3,000 0    0    
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TABLE 2-4 
Benzene Source Terms 



  UBF (Layer 1) MBFB (Layer 2) MBFM (Layer 3) MBFC (Layers 4 and 5) 



Source 
Area Description 



No. of 
Cells 



Cell Locations 
(row/columns) 



Initial Benzene 
Concentration 



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



24 P-1 NAPL 4 69/71, 72 
70/71, 72 



3,100 3,100 4 69/71, 72 
70/71, 72 



3,100 3,100 0    0    



34 Montrose 4 49/61, 62 
50/61, 62 



3,000 3,000 4 49/61, 62 
50/61, 62 



3,000 3,000 4 49/61, 62 
50/61, 62 



3,000 3,000 4 4/61, 62 
50/61, 62 



60 60 



35 ASTs 4 59/77, 78 
60/77, 78 



180,000 180,000 4 59/77, 78 
60/77, 78 



180,000 223,100 0    0    



Notes: 
VOC – volatile organic compound 
AST – aboveground storage tank 
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However, the laboratory values of total porosity do not directly correspond to the effective 
porosity of aquifer materials, which controls contaminant migration.  This is because 
effective porosity is usually a fraction of the total porosity that is available for transporting 
water through the aquifer and excludes the fraction of pores that are too small to hold 
water, or those that are not interconnected.  Therefore, effective porosity of aquifer material 
is generally lower than that obtained in the laboratory from soil samples.  An effective 
porosity of 5 to 20 percent was assumed for the transport simulations of the RD model.  
These values are lower than those measured in core samples, but are within accepted ranges 
found in hydrogeologic literature.  The values of porosity were further adjusted during 
model calibration to match the measured and simulated water levels and contaminant 
concentrations (see Section 3 for the porosity values by HSU).   



2.9.2 Retardation and Distribution Coefficients (Kd) 
The retardation coefficient represents the process of sorption and desorption of contaminants 
onto the solid grains of the subsurface media.  This process acts to “retard” or slow the 
average linear velocity of contaminants migrating in groundwater.  The retardation factor 
was calculated by MT3DMS using the site-specific values of bulk density and distribution 
coefficient (Kd).   



Chlorobenzene Kd was allowed to range from 0.001 to 6 milliliters per gram (ml/g.), based 
on field and literature data.  Benzene Kd was fixed at values ranging from 0.002 to 
0.32 ml/g, based on field data and literature values.  Retardation factors for both benzene 
and chlorobenzene were calculated by MT3DMS from field-measured bulk density values 
and Kd.  The retardation factors were further adjusted during model calibration to match 
measured and simulated contaminant concentrations (see Section 3).   



It was assumed for the purposes of this modeling effort that the retardation of p-CBSA is 
equal to zero, because p-CBSA is a conservative constituent and its transport is not 
significantly affected by sorption.   



2.9.3 Dispersivity 
Dispersivity is another transport parameter that was considered in the development and 
calibration of the numerical model.  Dispersion of contaminants dissolved in groundwater 
results from different velocities of groundwater at a scale of individual soil particles and pore 
spaces that affect the contaminant migration.  The MT3DMS solute transport model 
numerically simulates this process by solving governing solute concentration equations.  A 
dispersion coefficient is used in these solute concentration equations to characterize the effect 
of dispersion on the contaminant distribution in groundwater.  The amount of dispersion 
used in the model is characterized by the parameter of dispersivity.  Dispersivity was 
specified in the longitudinal, transverse, and vertical direction relative to the direction of 
groundwater flow.  The initial ranges of dispersivity assigned to the model were estimated 
from literature values.  The final values were estimated in the process on model calibration.  
The initial ranges and calibrated values of longitudinal, transverse, and vertical dispersivity 
for benzene and chlorobenzene used in the RD model are presented in Section 3. 
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2.9.4 Intrinsic Biodegradation 
The modeling assumptions regarding intrinsic biodegradation, represented in the model by 
values of biodegradation half-life, are based on the discussion in the JGWFS (CH2M HILL, 
1998) and recent data collected during RD including the 2004 and 2006 baseline monitoring 
rounds.   



As discussed in the JGWFS and confirmed with more recent data, a number of factors 
indicate that intrinsic biodegradation of chlorobenzene cannot be relied upon to be a 
component of the chlorobenzene remedy, although it may be occurring at the Dual Site to 
some degree.  These include the spatial characteristics of the chlorobenzene plume 
(especially the fact that the plume has been able to expand to its large lateral and vertical 
size) in conjunction with the absence of reliable data on geochemical indicators, and the lack 
of understanding of anaerobic biodegradation of chlorobenzene within the scientific 
community.  Based on the above and consistent with the previous modeling efforts, no 
intrinsic biodegradation of chlorobenzene was assumed for the RD model.   



The benzene plume distribution pattern is typical for contaminants affected by 
biodegradation.  A combination of factors such as (1) the plume distribution pattern, (2) the 
geochemical evidence of biological activity within the benzene plume, and (3) extensive 
evidence of benzene biodegradation documented in the hydrogeologic literature, indicate 
that intrinsic biodegradation is having a significant impact on the benzene plume, and 
should be considered in the remedy selection for the benzene plume. 



The initial model values for benzene half-life were obtained based on a range of values from 
literature reviews, and the site-specific focused transport study conducted during the RI/FS 
process (CH2M HILL, 1998).  These values were further adjusted during the RD model 
calibration.  The initial ranges and calibrated values of benzene biodegradation half-life are 
presented in Section 3. 



There are insufficient data to determine the degree to which intrinsic biodegradation of 
p-CBSA may be occurring at the Dual Site.  For the purpose of this modeling effort, it is 
assumed that intrinsic biodegradation of p-CBSA is not occurring.   











International 
Light



Metals
Boeing 
Facility



Former Del Amo
Plant Property



APC



Paccar
Former Montrose



Plant Property



Jones Chemical



Famer Brothers



Kenwood Drain



Capital 
Metals



0 2,500 5,000



Feet



FIGURE  2-1
MODEL FINITE-DIFFERENCE
GRID AND BOUNDARY 
CONDITIONS



\\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\MODEL_GRID_AND_BOUNDARY_CONDITIONS.MXD FIG2-1_MODEL_GRID_AND_BUNDARY_CONDITIONS.PDF 5/29/2008 19:10:50



405



110



710



105
90



47



1



5



7



91
107



42



Los Angeles-Los Angeles-
-Long Beach--Long Beach-
-Santa Ana-Santa Ana



MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Project Area



Legend



Project Areas



Railroad



Drains



General Head Boundaries



Dominguez Channel



Model Boundary











International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 Rail



road



Kenwood Drain



Torrance Lateral



XS-302



XPZ-300MO



XMW-22



XMW-16



XMW-03
XLW-01



XL-1MO



XG-10



XEB-17



XEB-16



XEB-15
XEB-14



XEB-13



XEB-08



XEB-06



XEB-01



XBF-32A



XBF-18



X-836ALACO



X-835ELACO
X-825LACO



X-822FFLACO



X-816LACO



X-814DLACO



X-813NLACO



X-808LACO



X-795LACO



X-794ALACO



X-785BLACO



X-13DGE



WCC-3D
WCC-1D



SWL0060



SBL0077



SBL0054



SBL0051



SBL0035



SBL0034
SBL0032



SBL0031



SBL0030



SBL0028



SBL0027



SBL0025



SBL0021



SBL0019



GGWMW3



GGWMW2



G-29



G-28



G-23



EB-37



EB-36



EB-34



EB-33



EB-32



EB-31



EB-30



EB-29



EB-28



EB-26



EB-23



EB-22



EB-21



EB-20



EB-19



EB-18



DB-2



DB-1



Carson 2



BL-9B



BL-13C



BL-12C



BL-11B&C



BL-10B&C



\\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\HYDROSTRATIGRAPHIC_CONTROL_POINTS_11X17.MXD FIG2-2_HYDROSTRATIGRAPHIC_CONTORL_POINTS_11X17.PDF 5/22/2008 17:43:35



FIGURE 2-2
HYDROSTRATIGRAPHIC 
CONTROL POINTS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



ers



Former Del Amo
Plant Property



APC



ccar



Ve
rm



on
t A



ve



XP-3



XP-1



XG-16



XG-12



XG-08



XDM-3



EB-27
EB-25



CPT-8CPT-7



CPT-6



CPT-5



CPT-4



CPT-3
CPT-2 CPT-1



XMW-30



XMW-29



2



XLW-03



XEB-2A



XEB-12



XEB-11



XEB-10 XEB-09



XEB-06



XEB-05



XEB-04



XEB-03



XDA-1A



MWG002



MWG001



CPT-18



CPT-17



CPT-16 CPT-14



CPT-13



CPT-11



XMW-02T



XMW-01T



SBL0501
SBL0500



SBL0499



SBL0498



SBL0476



SBL0475



SBL0108



SBL0107



SBL0106



SBL0101



SBL0099



SBL0097



SBL0081



SBL0080



SBL0079



SBL0078



SBL0065



SBL0059



SBL0053



SBL0052



SBL0050



SBL0029



SBL0026



SBL0024



SBL0022



SBL0020



SBL0016



SBL0015



SBL0014



SBL0013



CPL0009



CPL0005



SBL0103



SBL0023 CPT-12



CPT-15



Legend
Hydrostratigraphic Control Points



Model Boundary



0 2,100 4,200



Feet



0 500 1,000



Feet











  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\
SITE_HYDROSTRATIGRAPHY_UBF.MXD FIG2-3A_SITE_HYDROSTATIGRAPHY_UBF.PDF 5/20/2008 14:15:11



FIGURE  2-3A
SITE HYDROSTRATIGRAPHY
UBF AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Bottom Elevation of Unit (ft-msl)
-360
-356
-352
-348
-344
-340
-336
-332
-328
-324
-320
-316
-312
-308



-304
-300
-296
-292
-288
-284
-280
-276
-272
-268
-264
-260
-256
-252



-248
-244
-240
-236
-232
-228
-224
-220
-216
-212
-208
-204
-200
-196



-192
-188
-184
-180
-176
-172
-168
-164
-160
-156
-152
-148
-144
-140



-136
-132
-128
-124
-120
-116
-112
-108
-104
-100
-96
-92
-88
-84



-80
-76
-72
-68
-64
-60
-56
-52
-48
-44
-40
-36
-32
-28



-24
-20
-16
-12
-8
-4
0
4
8
12
16
20



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 Railro



ad



Kenwood Drain



Torrance Lateral



34



32



-20
38



36



-32 28



-16



-1
2



-36



-28



-2
4



30



22



26



24



-40



-60
-56



-44
-48



-52



40
-4 20



42



44
4648



-850



-8



18



40



-64



52
-4



42



-68



0



54



44



0



-72



4



16



46



-76



-8



8



4



56



48



-80



-12



58
0



-64



12



14



60



50



-16



8



4



62
16



-20



64



52



32



-24



12



-28



12-3
6



-3
2



16



-4
0



30



66



-32



30



20



-40



0 3,000 6,000
Feet



Model Boundary



Top Elevation of Unit (ft-msl)











  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\
SITE_HYDROSTRATIGRAPHY_MBFB.MXD FIG2-3B_SITE_HYDROSTATIGRAPHY_MBFB.PDF 5/20/2008 14:38:22



FIGURE  2-3B
SITE HYDROSTRATIGRAPHY
MBFB AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3C
SITE HYDROSTRATIGRAPHY
MBFB AQUIFER AND MBFM 
AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3D
SITE HYDROSTRATIGRAPHY
MBFC AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3E
SITE HYDROSTRATIGRAPHY
LBF AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3F
SITE HYDROSTRATIGRAPHY
GAGE AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3G
SITE HYDROSTRATIGRAPHY
GLA AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3H
SITE HYDROSTRATIGRAPHY
UPPER LYNWOOD AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Bottom Elevation of Unit (ft-msl)
-360
-356
-352
-348
-344
-340
-336
-332
-328
-324
-320
-316
-312
-308



-304
-300
-296
-292
-288
-284
-280
-276
-272
-268
-264
-260
-256
-252



-248
-244
-240
-236
-232
-228
-224
-220
-216
-212
-208
-204
-200
-196



-192
-188
-184
-180
-176
-172
-168
-164
-160
-156
-152
-148
-144
-140



-136
-132
-128
-124
-120
-116
-112
-108
-104
-100
-96
-92
-88
-84



-80
-76
-72
-68
-64
-60
-56
-52
-48
-44
-40
-36
-32
-28



-24
-20
-16
-12
-8
-4
0
4
8
12
16
20



0 3,000 6,000
Feet



Model Boundary



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 R



ailro
ad



Kenwood Drain



Torrance Lateral



-244



-240



-248 -252



-256



-260



-264



-268
-272



-276



-280



-284



-288



-296
-292



-300
-304 -308



-312
-316
-320
-324
-328
-332



-236



-336
-340



-344



-232



-348



-352



-228



-356



-224



-360



-236
-232-228



-288



-2
92



-220



-232



-2
96



-224



-236











FIGURE  2-4
2006 MEASURED WATER LEVELS
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Notes:
   ft-msl = feet (relative to) mean sea level.
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FIGURE  2-6
2006 BENZENE DISTRIBUTION
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3. Model Calibration  



This section discusses the calibration of the RD model, including the calibration methodology 
and calibration results.   



3.1 Calibration Methodology 
As discussed in detail in the Work Plan for Development of the Groundwater Model for the 
Remedial Design (CH2M HILL, 2003) and the Work Plan Amendment for the Development 
of the Remedial Design Model and Optimization of the Remedial Wellfield (CH2M HILL, 
2006a), the model calibration was performed using the nonlinear parameter estimation 
software package PEST (Doherty, 2002, 2004, 2007; Doherty and Johnston, 2003).  PEST 
calibration was performed by automatic minimization of the objective function, which is the 
sum of squared residuals of the calibration targets.  Calibration targets were observed or 
estimated parameters such as water levels and contaminant concentrations, which were 
supposed to be reproduced by the calibrated model.  Residuals were the differences 
between model-simulated and observed or measured calibration targets.  In the process of 
calibration, PEST modified calibration parameters, such as the hydraulic and transport 
properties of the physical system (e.g., hydraulic conductivity, porosity, dispersivity, etc.) in 
accordance with the prescribed parameter distribution and limits until the objective function 
can no longer be reduced and the best possible match was achieved between the calibration 
targets and the simulated results.   



The groundwater flow and transport models are generally nonunique, and a similar quality 
of calibration can be achieved with a number of different model parameter combinations.  
This is because changes to certain model parameters (e.g., hydraulic conductivity) can be 
offset by changes to other parameters (e.g., recharge), resulting in a similarly reduced 
objective function, and therefore a similar quality of model calibration.  Consequently, a 
number of models can be developed using PEST, all of which would be reasonably well 
calibrated and based on equally viable hydrogeologic parameters for a given physical 
system.  These calibrated models may differ, however, with regard to predictions pertaining 
to the performance of the remedial wellfield, which will have a significant impact on the 
certainty of modeling predictions pertaining to this performance. 



In order to account for the issues pertaining to the nonuniqueness of the model calibration, 
the following approach was used for the calibration of the RD model:   



1. Develop the baseline calibration, which is based on the reasonable parameters and is 
acceptable to all parties (i.e., acceptable to EPA, Shell, Montrose, and other stakeholders) 
for the optimization of the remedial wellfield. 



2. Use the baseline calibration for the development and optimization of the remedial 
wellfield. 



3. Perform the wellfield failure analysis to assess the uncertainty of the model predictions 
pertaining to the performance of the remedial wellfield.   
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This section is focused on the baseline calibration of the RD model.  The remedial wellfield 
failure analysis is discussed in detail in Section 5 of this report.  Presented below is the 
discussion of the calibration process, parameter distribution and limits, and calibration 
targets for the baseline calibration.   



3.1.1 Calibration Process 
As discussed in detail below, the RD model was calibrated using 2006 water level data; pilot 
test drawdown and buildup data from the pilot extraction and injection tests; and 
chlorobenzene, benzene, and p-CBSA historical concentration data.  The model was 
calibrated in a sequential fashion, gradually increasing in complexity.  First, a calibration to 
only water levels and vertical head differences was performed.  Model parameters and 
boundary conditions from this initial stage were used as the basis for an overall hydraulic 
calibration to water levels, vertical head differences, and pilot test drawdown and buildup 
data.   



An overall hydraulic calibration run included both steady-state calibration to 2006 baseline 
water level data and transient flow runs for eight extraction and four injection tests.  The 
extraction test for well MBFB-EW-1 was not simulated, due to the low yield and small 
magnitude and extent of hydraulic response to pumping at the well.  The hydraulic 
parameters obtained as the result of this calibration were then used as initial and preferred 
values for a combined flow and transport calibration.   



For the transport calibration, the transient transport run was performed for a period of 
61 years, from 1945 (the assumed time of contaminant release to groundwater) through 2006 
(the latest period for which the concentration data were available at the time of calibration).  
The initial concentrations of chlorobenzene, benzene, and p-CBSA for the calibration run 
were assumed to be equal to zero (i.e., the calibration run was designed to reproduce the 
current plumes from the time of initial release).   



The calibration parameters were adjusted at each stage of increasing calibration complexity 
to allow for the best match between the measured and simulated results.  The parameter 
distribution, limits and preferred values, and a set of calibration targets and weights are 
discussed below.   



3.1.2 Parameter Distribution and Limits 
As described below, the values of some model parameters were fixed (i.e., were not allowed 
to change in the calibration process), while others, referred to as calibration parameters, 
were allowed to vary to achieve the best match between the simulated conditions and 
calibration targets.  Fixed parameters were assigned values based on field data when these 
data were available and on literature and professional judgment where field data were not 
available.  Calibration parameters were estimated using PEST.  These estimates were 
performed in accordance with the parameter distribution and limits assigned to each 
calibration parameter.  For some parameters, which were assumed to be constant within an 
HSU and/or model layer, a single value was estimated per model layer or HSU.  Other 
parameters were estimated using pilot points.  As discussed in the Work Plan for Model 
Development (CH2M HILL, 2003), pilot points are discrete locations where PEST estimates 
values of the particular calibration parameter needed to match calibration targets at this 
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location.  The values of calibration parameters at all model cells were then interpolated 
based on the values at the pilot points.   



The parameter distribution, limits, and preferred values assumed for the baseline calibration 
are presented below.   



Parameter Distribution 
The assumptions regarding the distribution and variability of calibration parameters and 
values for fixed parameters for the baseline calibration are described below. 



Distribution of Calibration Parameters 
The assumed spatial distribution for each parameter is presented in Table 3-1 and described 
below.   



• Horizontal hydraulic conductivity (Kh), Kh and vertical hydraulic conductivity (Kv) 
ratio (Kh:Kv) of upper units, recharge, and Dominguez Channel conductance were 
assumed to be spatially variable (i.e., were allowed to vary within HSUs).   



• Storage coefficients (Sy, Ss) were assumed to be constant in each HSU, but were 
permitted to vary between aquifer tests.  Storage coefficients were grouped together 
where limited information was available.  For example, the same specific storage for the 
MBFC aquifer was used during calibration to the pilot test data in the Gage aquifer, but 
a different storage coefficient for the Gage aquifer was estimated for each test.  This is 
because the Gage pilot test data provided more information regarding the storage 
coefficient in the Gage, than regarding the storage coefficient in the MBFC.   



• Transport parameters such as porosity, dispersivity, distribution coefficient (Kd), 
retardation factor (R), decay rate, and source concentrations were assumed to be 
constant within HSUs, but were allowed to vary in different HSUs.   



• GHB conductance was calculated from the calibrated hydraulic conductivity values for 
each GHB cell using the following equation: GHB conductance = K*L*W/M, where K is 
the horizontal hydraulic conductivity at a particular cell, L is the thickness of the cell, 
W is the size of the cell in the direction perpendicular to flow, and M is half the size of 
the cell in the direction parallel to flow. 



As discussed in the Work Plan for Model Development (CH2M HILL, 2003), the spatial 
continuity targets were added to the objective function to achieve a homogeneous 
distribution of parameters unless suggested otherwise by field data used as calibration 
targets. 



Variability of Calibration Parameters  
The assumed transformation status and standard deviation for each model parameter is 
presented in Table 3-1.  Fixed parameters were not estimated as part of the calibration 
process. 
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TABLE 3-1 
Assumed Parameter Distribution and Transformation Status  



Parameter Spatial Distribution 
Transformation 



Status 



Porosity Constant in each HSU Fixed 



Longitudinal dispersivity Constant in each HSU Log 



Transverse dispersivity Constant in each HSU Log 



Vertical Dispersivity Constant in each HSU Log 



Chlorobenzene source concentration Constant within source area in each HSU Log 



Chlorobenzene Kd Constant within each layer Log 



p-CBSA source concentration Constant within source area in each HSU Log 



Benzene source concentration Constant within each source area in each HSU Log 



Benzene Kd Constant within each layer Fixed 



Benzene degradation rate Constant within each layer Log 



Riverbed conductance Four pilot points along river length Log 



Elevation of GHB Several pilot points along boundary in each aquifer  Fixed 



Specific yield and specific storage Constant in each HSU Log 



Recharge Pilot points None 



Hydraulic conductivity Pilot points within each HSU Log 



Horizontal to vertical hydraulic 
conductivity ratio 



Pilot points within each HSU Log 



 



Fixed Parameters 
• Values of porosity were fixed (i.e., were not allowed to change in the calibration process) 



to correct numerical stability problems during PEST runs.   



• Values of benzene Kd were fixed at values calculated from analysis of field samples and 
literature values.   



• Values of Kh:Kv were fixed for lower HSUs (the MBFM through Lynwood aquifer).   



• Values of GHB heads were estimated based on the extrapolation of available water 
levels and fixed.   



• Source timing was fixed. 



Parameter Limits and Preferred Values 
Parameter limits and preferred values for flow and transport parameters are discussed 
below.  











3.  MODEL CALIBRATION 



ES052008012SCO/BS2729.DOC/081490001 3-5 



Parameter Limits for Flow Parameters 
• Kh was allowed to range within plus/minus two standard deviations (log-transformed) 



of the geometric mean of available aquifer test data, or within plus/minus 1.5 orders-of-
magnitude of values estimated during previous investigations at the Dual Site.  Initial 
Kh values and ranges in the MBFC and Gage aquifers were derived from preliminary 
analysis of extraction and injection pilot test data. 



• Kh:Kv ratio was allowed to range from 1:1 to 100,000:1 in the UBF and MBFB, and was 
fixed at 10:1 in lower units (i.e., in the MBFM through Lynwood aquifer).  The wide 
range of permitted values in the upper units could have been reasonably constrained to 
a smaller range, but early PEST runs showed no tendency toward extreme values. 



• Recharge was allowed to range from 0.01 to 4 in./yr, which is reasonable for Dual Site 
conditions. 



• Specific yield and specific storage were allowed to range from 1x10-9 to 0.3, which 
ranges from confined behavior and rapid aquifer response at the low end, to unconfined 
behavior and slow aquifer response at the high end of this range. 



• Dominguez Channel conductance was allowed to range within an order-of-magnitude 
of values estimated from the channel geometry and previous investigations at the Dual 
Site. 



• GHB heads were assigned using four to seven pilot points per aquifer layer including 
one point at each model corner (i.e., four points), and additional points at the locations 
where water-level data were available near the boundary.  GHB heads for aquitards 
were assigned as averages of heads in the underlying and overlaying aquifers.  For 
example, the GHB head in Layer 11 of the GLA was calculated as the average of head in 
the Gage aquifer (Layer 9) and in the Lynwood aquifer (Layer 13).  GHB head in GLA 
Layer 10 was then calculated as the average of heads in Layers 9 and 11. 



Parameter Limits for Transport Parameters 
• Porosity was fixed at values ranging from 5 to 20 percent on the basis of field data. 



• Longitudinal dispersivity (DL) was allowed to range from 0.1 to 1,000 feet, based on the 
scale of the plume.   



• Transverse (DT) to longitudinal dispersivity ratio was allowed to range from 0.001 to 1, 
based on literature estimates. 



• Vertical (DZ) to longitudinal dispersivity ratio was allowed to range from 1x10-6 to 1, 
based on literature estimates. 



• Chlorobenzene Kd was allowed to range from 0.001 to 6 ml/g, based on field and 
literature data. 



• Chlorobenzene retardation factor (R) was calculated by MT3DMS from field-measured 
bulk density values and calibrated Kd values estimated by PEST.  The allowable range 
was 1 to 90. 
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• Benzene Kd was fixed at values ranging from 0.002 to 0.32 ml/g, based on field data and 
literature values. 



• Benzene retardation factor (R) was calculated by MT3DMS from field-measured bulk 
density values and Kd, and had a range from 1.01 to 6.5. 



• Benzene half-life was allowed to range from 30 to 1,000,000 days, to encompass the 
potential range of conditions including very rapid decay and virtually no decay. 



• Source concentrations were allowed to range from 0.001 to 500,000 micrograms per liter 
(µg/L) for chlorobenzene, from 0.001 to 1,800,000 µg/L for benzene, and from 0.001 to 
1,000,000 µg/L for p-CBSA.  The low limits of these ranges were designed to allow the 
flexibility to account for the relatively coarse grid compared to the potential size of the 
actual source (i.e., the model source could not be smaller than a single grid cell of 100 by 
100 feet, which could be a substantial overestimation of the source size in certain 
instances and had to be corrected by reducing the source strength).  The upper limits of 
these ranges represent the corresponding solubility limits of these constituents.   



• Source start time was assumed to be 1945. 



Preferred Values for Model Parameters 
A “preferred condition” for each calibration parameter was defined by the regularization 
equations as a set of preferred parameter values, from which deviations are tolerated only to 
the extent that they are supported by the data.  The preferred values for model calibration 
parameters and the rationale for these values are presented in Table 3-2. 



TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



Flow 



River Conductance Dominguez 
Channel 



5,500 ft2/day Channel geometry and previous 
investigations 



Recharge  1 in./yr Professional judgment based on local 
climate and surface characteristics 



Specific Yield  0.01  Professional judgment based on pilot test 
analysis 



Specific Storage  2x10-6 1/ft Professional judgment based on pilot test 
analysis 



Horizontal Hydraulic 
Conductivity 



UBF 1.9 ft/day Geometric mean of aquifer test data in this 
HSU 



 MBFB 20 ft/day Geometric mean of aquifer test data in this 
HSU 



 MBFM 0.1 ft/day Professional judgment based on previous 
calibration results 



 MBFC 10 to 150 ft/day Professional judgment based on previous 
calibration results 
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TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



 LBF 0.0008 to 
0.27 



ft/day Professional judgment based on previous 
calibration results 



 Gage 16 to 120 ft/day Professional judgment based on previous 
calibration results 



 GLA 0.017 ft/day Professional judgment based on previous 
calibration results 



 Lynwood 113 ft/day Geometric mean of aquifer test data in this 
HSU 



In addition, the results of 132 short-term aquifer tests from the RI were used as preferred-value targets.   



Horizontal/Vertical 
Hydraulic Conductivity 
Ratio 



UBF 200  Professional judgment based on previous 
calibration results 



 MBFB 5  Professional judgment based on previous 
calibration results 



 All others 
(fixed) 



10  Professional judgment based on 
hydrogeological literature 



Transport 



Longitudinal 
dispersivity 



All layers 10 Ft Based on scale of chlorobenzene plume 



Transverse to 
longitudinal dispersivity 
ratio 



All layers 0.5  Professional judgment based on 
hydrogeological literature 



Vertical to longitudinal 
dispersivity ratio 



All layers 0.001  Professional judgment based on 
hydrogeological literature 



MBFB 350,000 µg/L Professional judgment based on field data Chlorobenzene source 
concentration 



MBFM 350,000 µg/L Professional judgment based on field data 



 MBFC 15,000 µg/L Professional judgment based on field data 



 LBF 10,000 µg/L Professional judgment based on field data 



 Gage 7,000 µg/L Professional judgment based on field data 



Chlorobenzene Kd UBF 0.0053 ml/gal. Field samples and literature values 



 MBFB 0.039 ml/gal. Field samples and literature values 



 MBFM 0.018 ml/gal. Field samples and literature values 



 MBFC 0.13 ml/gal. Field samples and literature values 



 LBF 0.43 ml/gal. Field samples and literature values 



 Gage 0.27 ml/gal. Field samples and literature values 



 GLA 0.73 ml/gal. Field samples and literature values 



 Lynwood 0.53 ml/gal. Field samples and literature values 
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TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



UBF 3,000 to 
1,200,000 



µg/L Professional judgment based on field data Benzene source 
concentration 



MBFB 3,100 to 
1,200,000 



µg/L Professional judgment based on field data 



 MBFM 3,000 to 
275,000 



µg/L Professional judgment based on field data 



 MBFC 60 to 
190,000 



µg/L Professional judgment based on field data 



Benzene half-life UBF 84 Days Professional judgment based on field data 



 MBFB 84 Days Professional judgment based on field data 



 MBFM 84 Days Professional judgment based on field data 



 MBFC 84 Days Professional judgment based on field data 



 LBF 300 Days Professional judgment based on field data 



 Gage 300 Days Professional judgment based on field data 



 GLA 300 Days Professional judgment based on field data 



 Lynwood 300 Days Professional judgment based on field data 



MBFB 500,000 µg/L Professional judgment based on field data p-CBSA source 
concentration 



MBFM 500,000 µg/L Professional judgment based on field data 



 MBFC 450,000 µg/L Professional judgment based on field data 



 LBF 150,000 µg/L Professional judgment based on field data 



 Gage 50,000 µg/L Professional judgment based on field data 



ft/day – feet per day 
ft2/day – square feet per day 
 
The Work Plan Amendment (CH2M HILL, 2006a) proposed a methodology to incorporate 
the statistical features of a large number of short-term aquifer tests as calibration targets.  
However, preliminary analysis of pilot testing results suggested that for the MBFC aquifer, 
the short-term aquifer tests performed during RI potentially overestimated hydraulic 
conductivity by a factor of two.  The pilot testing data are of much higher quality, and 
therefore, short-term aquifer testing results were converted to regularization-type (i.e., 
lower weight) preferred-value targets.  As lower-weight targets, these values influenced 
estimated properties only if other calibration targets did not provide much information 
about aquifer properties at those locations.   



3.1.3 Calibration Targets  
Five main groups of calibration targets were selected for calibration.  These groups include 
(1) the 2006 baseline water level data (heads), (2) head differences calculated from the 2006 
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baseline water level data, (3) transient drawdown and buildup from eight extraction and 
four injection tests, (4) all available concentration data for chlorobenzene, benzene, and 
p-CBSA (i.e., data from 1983 through 2006), and (5) chlorobenzene and p-CBSA mass targets 
estimated based on kriging of concentration data.  The calibration targets were subgrouped 
by model aquifer layers (1, 2, 4, 5, 9, and 13), for which these targets were available.   



Calibration weights were developed empirically, and were adjusted during the calibration 
process to improve the match between the observed and simulated results.  Calibration was 
focused on the most pertinent aspects with regard to the modeling objectives, such as 
aquifer test responses and the distribution of chlorobenzene concentrations that are above 
in situ groundwater standards (ISGS) in the MBFC and Gage aquifers.  The groups of 
calibration targets and weighting of these targets in the calibration process are discussed 
below.   



Heads  
All 2006 baseline water level data collected by Shell and Montrose and available 2006 data 
collected by Boeing and TRC were used as calibration targets.  In addition, available water 
level data collected near the Mobil site in a similar timeframe were considered.  However, 
water levels collected near the Mobil site were given less weight, because of the uncertainty 
associated with the field procedures and timeframes for water level measurements, and 
because the screen intervals of Mobil wells were not always appropriate for incorporation 
into the model (i.e., many wells had long screens and were screened across multiple layers).  
All other water level measurements were initially assigned equal weights in the calibration 
process.  In the process of calibration, the weights were increased for the selected water 
table wells in the vicinity of the Del Amo site to achieve a better overall match between the 
measured and simulated water levels.   



Vertical Head Differences 
Vertical head difference calibration targets were calculated for 70 locations where two or 
more wells screened in different HSUs were located within 20 feet of each other.  This 
distance was selected because given an average lateral gradient of 0.001 foot per foot (ft/ft) 
in the model domain, the distance of 20 feet would result in a maximum error of only 
0.02 foot in estimates of vertical head differences.  This amount of error is negligible given 
the average head difference of 1.57 feet in the 70 well pairs.  Head differences were 
weighted by the inverse of the absolute value of the head difference, to equalize the 
importance of small and large head differences.   



Pilot Test Data  
As discussed above, a comprehensive pilot testing program was implemented by Montrose 
to obtain data on the hydraulic properties of the aquifers and aquitards, and specific 
capacities of injection and extraction wells (H+A, 2008).  The pilot test pumping and 
injection created large-scale stresses on the aquifer system, and allowed measurement of 
water level changes in response to pumping/injection (i.e., water level drawdowns and 
buildups) in a number of wells in multiple HSUs.   



Sequential transient calibration runs were performed to calibrate the model to the results of 
these pilot and aquifer tests.  A total of 3,692 drawdown and buildup measurements were 
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used as calibration targets.  Collectively, these measurements were the most important 
calibration targets for the flow portion of the RD model, because they constrain estimates of 
the hydraulic properties of the aquifers and aquitards and significantly reduce the 
uncertainty pertaining to the hydraulic properties of the model.   



Simulated drawdown (or buildup) from monitoring wells located within 290 feet (i.e., two 
diagonal model cells away or less) of the pumping well, in the same aquifer as the pumping 
well, was corrected to remove the effect of model cell size on simulated drawdown.  This 
correction was required because the simulated drawdown in a pumping cell was averaged 
over the cell, and did not represent drawdown at any specific distance from the pumping 
well.  Consequently, model estimates of drawdown in monitoring wells located close to the 
pumping well (i.e., in the same or in adjacent model cells) were impacted by this averaging.  
In order to address this issue, the amount of drawdown per foot of (log-scaled) distance from 
the center of the pumping cell was calculated using drawdown data from two adjacent model 
cells located along a line.  These values of drawdown per foot of (log-scaled) distance were 
used to calculate drawdown at the monitoring well located within or near the pumping cell.  
With this calculation, the correct relationship between distance from the pumping well and 
drawdown was preserved when comparing measured and simulated data. 



Drawdown and buildup measurements were initially weighted to give each aquifer test 
equal importance in the objective function.  These weights were adjusted iteratively during 
calibration by applying zero weight to measurements that appeared to be erroneous or 
noise, by increasing the weight on late-time data and on monitoring wells located close to 
the tested well, and by increasing the weight on the data from aquifer tests, which did not 
calibrate as readily as others. 



Chlorobenzene Concentrations  
All available chlorobenzene concentrations (i.e., for years 1983 through 2006) were used as 
calibration targets.  The weights of chlorobenzene concentration calibration targets were 
adjusted several times in the process of calibration to achieve a better match between the 
observed and simulated distributions.  A linear weighting scheme was initially used, based 
on the success of a similar scheme in the Data Gap Analysis calibration effort (CH2M HILL, 
2005).  Anomalous data points were given a zero weight, such as where a long-term 
concentration trend was interrupted by a single dissimilar data point, after which the trend 
resumed.  Calibration weights were increased in recently installed wells, particularly Gage 
aquifer monitoring wells that defined the southwestern and southeastern lobes of the 
chlorobenzene plume to compensate for the absence of historic data points for these wells.  
In addition, weights were increased for wells that defined important characteristics of the 
chlorobenzene plume, such as wells near the toe of the plume and in high-concentration 
areas.   



Benzene Concentrations  
All available benzene concentrations (i.e., for years 1985 through 2006) were used as 
calibration targets.  The weights of benzene concentration calibration targets were adjusted 
several times in the process of calibration to achieve a better match between the observed 
and simulated distributions.  A linear weighting scheme was initially used, based on the 
success of a similar scheme in the Data Gap Analysis calibration effort (CH2M HILL, 2005).  
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Anomalous data points were given a zero weight, such as where a long-term concentration 
trend was interrupted by a single dissimilar data point, after which the trend resumed.   



Benzene concentrations within the chlorobenzene plume were given zero weight, because 
the origin of benzene within the chlorobenzene plume is uncertain.  In addition, benzene in 
this area occurs at low concentrations, which will be treated as part of the chlorobenzene- 
plume remedy.   



Weights were increased for nondetect values, in order to better reproduce the lateral and 
vertical extent of the benzene plumes.  In addition, selected wells were given greater weight 
in order to correct deficiencies in the calibration and improve the overall match between 
measured and simulated results. 



p-CBSA Concentrations  
All available p-CBSA concentrations (i.e., for years 1990 through 2006) were used as 
calibration targets.  Concentrations of p-CBSA were weighted similarly to those of 
chlorobenzene. 



Mass Targets  
Mass targets for chlorobenzene and p-CBSA were developed based on kriging of available 
concentration data for a given year (i.e., for years 1983 through 2006).  All mass targets had 
equal weights. 



3.2 Calibration Results  
This section discusses the baseline calibration of the RD model including the results of flow 
and transport calibration, contribution to objective function, and calibrated distributions of 
model parameters.  Appendix A contains a DVD with an electronic copy of the complete 
calibrated model.  As discussed above, the calibrated baseline model was provided to all 
stakeholders on the CH2M HILL FTP site, discussed in detail at the modeling meetings and 
conference calls, and approved by Shell and Montrose as an appropriate tool for the 
wellfield optimization.   



3.2.1 Flow Calibration  
The results of the flow calibration are presented in Figures 3-1 through 3-3 and Figures 3-4A 
through 3-4D.  Figure 3-1 presents a scatter diagram of simulated versus measured water 
levels (heads) and calibration statistics.  Figure 3-2 presents simulated water level contours 
and water level contours interpreted from measured water levels for model layers 2, 5, and 
9 representing the water table, MBFC, and Gage aquifers.  Figure 3-3 presents simulated 
versus observed vertical head differences.  Figures 3-4A through 3-4D present simulated 
drawdown contours and posted values of measured and simulated drawdown (or buildup) 
at the end of four extraction and four injection tests.  These figures also show the residual 
drawdown/buildup, which is the difference between the observed and simulated values.  
Appendix B presents simulated and measured drawdown (or buildup) hydrographs from 
eight extraction and four injection tests that were simulated as part of the calibration process 
for a large number of observation wells and pumping and injection wells. 
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Figures 3-1 through 3-4D demonstrate a good agreement between the observed and 
simulated water levels, vertical head differences, and aquifer test drawdown/buildup.  The 
scatter plot of measured and simulated water levels shown in Figure 3-1 has a slope that is 
similar to the line of perfect agreement (i.e., 1:1 slope), and is located relatively close to this 
line, indicating a good agreement between the simulated and measured heads in all units.   



The calibration error, as measured by the root mean squared (RMS) of simulated heads 
versus measured water level elevations, is 0.66 foot when data for all 320 monitoring wells 
are considered; this also indicates a good match between observed and simulated water 
levels. 



The comparison of interpreted and simulated water level contours in Figure 3-2 shows a 
close match.  Spatial changes in flow directions and gradients indicated by field data are 
reproduced by the calibrated model.   



The scatter plot of measured and simulated vertical head differences shown in Figure 3-3 is 
also located close to the line of perfect agreement, indicating good agreement between the 
simulated and measured vertical head differences.  The use of vertical head differences 
between the model layers as calibration targets allowed better estimates of vertical hydraulic 
conductivities than using water levels alone. 



The maximum drawdown and buildup plots shown in Figures 3-4A through 3-4D 
demonstrate a good match between measured and simulated response to groundwater 
extraction and injection.  The hydrographs in Appendix B also demonstrate that a good 
match between simulated and measured aquifer response is achieved at both small and 
large distances from the tested well, across aquifer units, and at both early and late times in 
the simulation. 



3.2.2 Transport Calibration  
The results of transport calibration are presented in Figures 3-5 through 3-7 for 
chlorobenzene, benzene, and p-CBSA.  Appendix C contains chemographs for hundreds of 
monitoring wells comparing simulated and measured chlorobenzene, benzene, and p-CBSA 
concentrations.  These results indicate a good match between measured and simulated 
concentrations of all three constituents.  The model reproduces the observed difference in 
the orientation of the chlorobenzene and p-CBSA plumes in the MBFC and the Gage 
aquifers.  The simulated chlorobenzene and p-CBSA plumes in the Gage aquifer are 
oriented slightly more to the east compared to the plumes of these constituents in the 
MBFC, which is consistent with field data.  The model also reproduced the major features of 
the plume including the plume width, length, direction, and concentration gradient between 
the core and edge of the plume.  The two lobes of the chlorobenzene and p-CBSA plumes 
identified in the Gage were reproduced by the model.  This was achieved by reproducing 
the vertical migration of these constituents from the MBFC to the Gage aquifer, which is 
consistent with the conceptual interpretation of field data.   



Simulated benzene concentrations also have a good match with the benzene field sampling 
data.  The simulated distance between the high-concentration benzene sources and the 
1-µg/L contour matches well with the interpreted field data.  The areas where a good match 
between the simulated and measured data has not been achieved usually have sparse field 
measurements (e.g.  in the MBFC aquifer, between monitoring wells SWL0065 and 
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SWL0018, where interpreted concentration contours have been extended from a monitoring 
well with a high detectable concentration to a distant monitoring well with concentrations at 
or near the detection limit).   



3.2.3 Contribution to Objective Function  
The contribution to the objective function from different calibration targets is presented in 
Figure 3-8.  Calibration weights were designed such that the pilot test responses were the 
most important target group, with secondary contributions from water levels, 
chlorobenzene, benzene, and p-CBSA concentrations, and with vertical water-level 
differences and mass targets as tertiary targets.  As a result, the baseline calibration accounts 
for a variety of measured and estimated parameters and is considered to be a reasonable 
representation of flow and contaminant transport conditions beneath the Dual Site. 



3.2.4 Calibrated Distributions of Model Parameters 
The calibrated distribution of horizontal and vertical hydraulic conductivity is presented in 
Figures 3-9A through 3-9H, and Figure 3-10.  Note that for the HSUs represented by 
multiple model layers such as MBFC, LBF, and GLA, the distribution of these properties is 
the same in all layers representing a given unit, and only the top layer is shown on the 
figures.  The calibrated recharge distribution is shown in Figure 3-11.  Calibrated storage 
coefficients are presented in Table 3-3. 



Calibrated transport parameters including porosity; longitudinal, transverse, and vertical 
dispersivity (DL, DT, and DZ); Kd; R; bulk density; and chlorobenzene and p-CBSA source 
concentrations are presented in Table 3-4. 



The values and distribution of model parameters obtained as a result of the baseline 
calibration are reasonable for the hydrogeologic system beneath the Dual Site.  However, as 
discussed above, this combination of model parameters resulting in a good match between 
the observed and simulated conditions may not be unique, and may be one of many 
possible and equally reasonable combinations that could be obtained using PEST 
calibration.  Consequently, as discussed in the failure analysis (Section 5 of this report), 
other combinations of model parameters were considered to assess the range of possible 
calibration solutions and the impact of these solutions on model predictions (see Section 5).  
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TABLE 3-3 
Calibrated Storage Coefficients 



Well Name 
HSU 



Parameter/ 
Units BF-22 BF-27 BF-28 BF-EW-1 BF-EW-2 BF-IW-1 BF-IW-2 G-EW-1 G-EW-2 G-EW-3 G-IW-1 G-IW-2 



UBF Sy 0.0044 0.095 0.029 0.035 0.013 0.065 0.0083 0.007 0.015 0.057 0.0095 0.0066 
MBFB Ss (1/ft) 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 
MBFM Ss (1/ft) 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 
MBFC Ss (1/ft) 1.9E-05 1.2E-06 1.3E-05 2.2E-06 2.1E-05 1.5E-06 3.4E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07 
LBF Ss (1/ft) 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 
Gage Ss (1/ft) 1.3E-06 1.3E-06 1.3E-06 1.9E-07 1.9E-07 1.9E-07 1.9E-07 4.9E-06 4.9E-06 3.9E-06 4.1E-06 4.0E-06 
GLA Ss (1/ft) 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 
Lynwood Ss (1/ft) 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 



Notes: 
Sy – Specific yield  
Ss – Specific storage  
 



TABLE 3-4 
Calibrated Transport Parameters 



HSU Porosity 
DL 
(ft) 



DT 
(ft) 



Dz 
(ft) 



Chlorobenzene 
Source 
(µg/L) 



Chlorobenzene 
Kd 



(ml/g) 



Chlorobenzene 
R 



(neff = n) 



p-CBSA 
Source 
(µg/L) 



Benzene 
Kd 



(ml/g) 



Benzene 
R 



(neff = n) 



Benzene 
Half-Life
(days) 



Bulk 
Density 
(g/cm3) 



UBF 0.20 32 0.5 0.00100  0.0052 1.04  0.002 1.01 83 1.49 
MBFB 0.20 2.8 0.39 0.00088 310,000 0.069 1.51 490,000 0.012 1.09 130 1.49 
MBFM 0.12 2.4 0.49 0.00044 310,000 0.018 1.19 490,000 0.0062 1.06 84 1.25 
MBFC 0.12 63 0.5 0.00025 23,000 0.023 1.30 160,000 0.042 1.56 84 1.59 
LBF 0.05 44 0.5 0.00048 16,000 0.1 4.04 120,000 0.18 6.47 300 1.52 
Gage 0.12 15 0.19 0.00100 11,000 0.045 1.57 51,000 0.11 2.40 300 1.53 
GLA 0.12 24 0.5 0.00099  0.72 10.06  0.28 4.52 300 1.51 
Lynwood 0.12 31 0.5 0.00100  0.052 1.76  0.32 5.69 300 1.76 
Notes:  
g/cm3 – grams per cubic centimeter 
DL – longitudinal dispersivity  
DT – transverse to longitudinal dispersivity 
DZ – vertical to longitudinal dispersivity  











Water Level Residual Statistics



Count 320



Measured Maximum -5.02 ft-msl



Measured Minimum -29.30 ft-msl



Measured Range 24.28 ft



Maximum Residual 2.99 ft



Minimum Residual -2.17 ft



Mean Residual 0.21 ft



Absolute Mean Residual 0.44 ft



Root Mean Squared Residual 0.66 ft



RMS/Range 2.7%
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BASELINE CALIBRATION



  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\WATER_LEVELS_11X17_V2.MXD FIG3-2_WATER_LEVELS_11X17_V2.PDF 5/22/2008 13:36:04



MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacif
ic R



ailro
ad



Kenwood Drain



Torrance Lateral



Madrid_PM-3
-9.89



SWL0067
-12.64



SWL0066
-13



SWL0063
-13.51



SWL0036
-14.27



SWL0034
-13.84



SWL0031
-12.41



SWL0026
-14.95



SWL0025
-15SWL0022



-14.52



BL-13C
-12.23



BL-12C
-11.99 BL-11C



-11.83



BL-10C
-11.51



LG-01
-12.73



G-OW-4
-13.49



G-OW-3
-14.56



G-OW-1
-11.86 G-IW-2



-14.56



G-IW-1
-11.83



G-EW-3
-13.41



G-EW-2
-14.79



G-EW-1
-13.35



G-34
-16.53



G-33
-12.22



G-32
-19.27



G-31
-19.25



G-30
-12.59



G-29
-16.79



G-28
-15.97



G-27
-14.38



G-26
-13.22



G-25
-12.4



G-24
-13.45



G-23
-14.67



G-22
-14.64



G-21
-12.3



G-20
999



G-19A
-14.45



G-18
-14.89



G-17
-13.61



G-16
-13.68



G-15
-12.53



G-14
-12.63



G-13
-14.03



G-12
-15.1



G-11
-14.46



G-09
-14.61



G-08
-13.82



G-06
-13.08



G-05
-13.11



G-04
-12.91



G-03
-12.48



G-02
-12.86



G-01
-12.27



MWG004
-12.05



MWG003
-11.77



MWG002
-12.24



MWG001
-11.84



-1
5



-1
4



-1
3



-16



-12
-17



-1
0



-1
8



-12



-1
9



-11



-11



-1
6



-13



-1
7



-10



-2
0



-13



-1
8



-13



-12-1
1



-14



-1
4



-11



-9



-15



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical
e



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



Ve
rm



on
t A



ve



Southern Pacific
 Railro



ad



XMW-04HD
-12.09



SWL0032
-13.18



SWL0029
-10.61



SWL0004
-11.06



SWL0003
-10.79



SWL0002
-11.03



SWL0001
-12.5



MBFB-OW-1
-11.62



MBFB-EW-1
-12.59



XMW-04HD
-12.09



XMW-03HD
-11.21



XMW-02HD
-11.3



XMW-01HD
-11.48



XGW-07A
-12.69



SWL0059
-10.36



SWL0057
-10.06



SWL0051
-10.94



SWL0046
-10.65



SWL0044
-9.68



SWL0042
-13.18



SWL0039
-8.27



SWL0038
-9.12



SWL0028
-8.75



SWL0024
-11.77



SWL0021
-13.5



SWL0017
-10.46



SWL0016
-10.99



SWL0015
-12.52



SWL0012
-6.88



SWL0009
-10.96



SWL0008
-10.86



SWL0007
-9.83



SWL0006
-12.21



SWL0005
-11.34



PZL0026
-10.47



PZL0025
-11.64



PZL0022
-10.93



PZL0020
-10.88



PZL0019
-11.1 PZL0018



-11.24



PZL0017
-7.58



PZL0016
-10.49



PZL0015
-5.5



PZL0014
-8.77



PZL0013
-11.63



PZL0012
-11.31



PZL0011
-9.78



PZL0010
-10.6



PZL0009
-10.11



PZL0008
-8.14



PZL0007
-10.96



PZL0006
-10.4



PZL0005
-5.02



PZL0004
-10.6



PZL0003
-6.33



PZL0002
-7.34



PZL0001
-12.36



P-7
-11.7



BL-13A
-12.04



BL-12A
-11.67



BL-11A
-11.73



BL-10A
-11.04



BL-9A
-9.92



MW-31
-12.01



MW-30
-11.64



MW-29
-11.74



MW-27
-11.48



MW-26
-12.18



MW-25
-12.93



MW-24
-12.14



MW-23
-11.77



MW-22
-12.35



MW-21
-11.55



MW-20
-9.95



MW-17
999



MW-16
999



MW-14
-12.18



MW-13
-12.03



MW-12
-11.9



MW-11
-11.77



MW-10
-11.46



MW-09
-11.39



MW-08
-11.81



MW-07
-12.52



MW-06
-12.16



MW-05
-11.63



MW-04
-11.8



MW-03
-11.95



MW-02
-12.19



MW-01
-11.95



BL-03
-11.33



WCC-9S
-10.42



WCC-5S
-10.09



TMW-14
-11.61



TMW-11
-11.33



TMW-10
-10.79



MWB020
-9.06



MWB019
-11.7



MWB007
-9.72



DAC-P1
-10.29



-12



-11



-10



-9



-13



-8



-7



-12



-13



-10



-1
4



-9



-6
-8



-12
-11



-5



-7



-8



-11



-7



-6



-6



-1
0



-1
0



-1
2



-7



-1
1



-1
3



-12



-12



-15



-9



-13



-1
0



-7



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southe
rn Pacif



ic R
ailro



ad



Kenwood Drain



Torrance Lateral



SWL0053
-12.31



BF-IW-2
-14.99



BF-EW-2
-11.06



BF-28
-15.01



BF-09
-11.76



BL-13B
-11.95



BL-12B
-11.53



BL-11B
-11.74



BL-10B
-11.04



BL-9B
-10.1



PZ-3
-14.98



PZ-2
-14.95



PZ-1
-13.86



BF-OW-4
-12.91



BF-OW-3
-13.33



BF-OW-1
-11.87



BF-IW-1
-11.83



BF-EW-1
-12.18



BF-36
-16.04



BF-35
-11.72



BF-34
-11.86



BF-33
-12.56



BF-32A
-11.15



BF-31
-12.58



BF-30
-13.89



BF-29
-12.87



BF-27
-14.93



BF-26
-15.44



BF-25
-14.92



BF-24
-13.38



BF-23
-12.51



BF-22
-13.9



BF-21
-12.79



BF-20
-12.09



BF-19
-11.48



BF-17
-14.21



BF-16
-14.01



BF-15
-12.63



BF-14
-12.7



BF-13
-12.58



BF-12
-14.32



BF-11
-14.13



BF-10
-13.21



BF-07
-12.27



BF-06
-12.08



BF-05
-11.95



BF-04
-12.11



BF-03
-12.85



BF-02
-11.92



BF-01
-11.8



MWC023
-10.13



MWC021
-11.04



MWC017
-11.77



MWC016
-11.47



MWC009
-10.69



MWC007
-9.83



CMW002
-11.74



CMW001
-11.76



-12



-13



-11



-14



-10



-15



-16



-12



-13



-14



-17



-11



-14



-13



-16



-1
2



-15



-10



-11



Water Table



Gage Aquifer



0 2,100 4,200



Feet



0 1,500 3,000



Feet



MBFC Aquifer



0 1,900 3,800



Feet



Legend
Monitoring Well 
Groundwater Elevation (ft msl)



Groundwater elevation 
contour (ft msl) 
(Dashed where approximate)



Extraction or Injection Well



PZL0008
-8.14



-11



Simulated Groundwater elevation 
contour (ft msl) -11



Notes:
  ft msl = feet (relative to) mean sea level.
  Values in italics not used for contouring











-10



-5



0



5



10



15



20



-10 -5 0 5 10 15 20



Measured Head Difference (ft)



S
im



u
la



te
d



  
H



e
a



d
 D



if
fe



re
n



c
e



 (
ft



).



FIGURE 3-3



SIMULATED VS. MEASURED VERTICAL HEAD 



DIFFERENCES, BASELINE CALIBRATION
MODEL DEVELOPMENT AND REMEDIAL 



WELLFIELD OPTIMIZATION REPORT



LINE REPRESENTING



PERFECT MATCH











International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



Av
e



Carson St



Torrance Blvd



W
es



te
rn



 A
ve



110



Ve
rm



on
t A



ve
Southern Pacific



 Railro
ad



Kenwood Drain



Torrance Lateral



BF-IW-E



BF-IW-2



BF-IW-1



BF-EW-TCE



BF-EW-NBF-EW-M



BF-EW-D



BF-EW-B



BF-EW-2



BF-EW-1
SWL0033
0.26
0.21
-0.05



BFOW001
0.06
0.06
0.01



BF00024
0.05
0.06
0.01



BF00020
0.22
0.2
-0.02



BF00015
0.26
0.22
-0.04



BF00009
0.26
0.29
0.03



BF00007
4.72
2.19
-2.53



BF00006
0.84
0.94
0.09



BF00005
0.45
0.47
0.02



BF00004
0.56
0.46
-0.1



1



2



3



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



Av
e



Carson St



Torrance Blvd



W
es



te
rn



 A
ve



110



Ve
rm



on
t A



ve



Southern Pacific
 Railro



ad



Kenwood Drain



Torrance Lateral



G-EW-TCE



G-EW-O



G-EW-E



G-EW-B



G-EW-3



G-EW-2



G-EW-1



G-IW-D



G-IW-2



G-IW-1



SWL0034
2.65
2.83
0.18



G00019A
1.1
1.32
0.22



G000008
2.74
2.66
-0.08



G000006
10.19



8.49
-1.7



G000004
3.52
3.87
0.35



G000002
4.51
4.51
0



G000001
2.14
2.32
0.18



1



2



3



4



5
6



7
8



9



0.5



FIGURE 3-4A
SIMULATED VS. MEASURED 
MAXIMUM DRAWDOWN, BASELINE 
CALIBRATION BF-EW-1 AND G-EW-1
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Gage G-EW-1MBFC BF-EW-1



0 1,000 2,000



Feet



  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIM_VS_MEASURED_MAX_DRAWDOWN_EW1.MXD FIG3-4A_SIM_VS_MEASURED_MAX_DRAWDOWN_EW1.MXD 5/20/2008 21:08:51



BF00009
0.26
0.29
0.03



Simulated Drawdown/Buildup (ft)



Well_ID
Measured Drawdown/Buildup (ft)



Residual Drawdown/Buildup (ft) 



Legend
Drawdown/Buildup 1 foot Contours



Drawdown/Buildup 0.5 foot Contours



Sample Locations



Injection Well



Extraction Well











  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIM_VS_MEASURED_MAX_DRAWDOWN_EW2.MXD FIG3-4B_SIM_VS_MEASURED_MAX_DRAWDOWN_EW2.MXD 5/20/2008 21:21:14



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



W
es



te
rn



 A
ve



110



Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



BFOW003
3.01
2.98



-0.03



BF00030
0.32
0.23



-0.09



BF00024
2
2.21
0.21BF00021



0.27
0.37



0.1



BF00017
0.79
0.81
0.02



BF00016
0.95



0.8
-0.16



BF00015
0.6
0.51
-0.09



BF00012
0.62
0.52
-0.1



BF00011
0.93
0.95
0.02



BF00010
0.54
0.57
0.03



1



2
3



4



0.5



BF-IW-E



BF-IW-2



BF-IW-1



BF-EW-TCE



BF-EW-N
BF-EW-M



BF-EW-D



BF-EW-B



BF-EW-2



BF-EW-1



trose
erty



Farmer Brothers



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



110



Ve
rm



on
t



Kenwood Drain



Torrance Lateral



8



SWL0026
0.8
0.85
0.05



SWL0025
-0.02
0.13
0.15



SWL0020
0.21
0.38
0.17



GOW0003
0.7



0.76
0.06



G000034
0
0.13
0.13



G000029
0.25
0.36
0.11



G000028
0.22
0.34
0.12



G000027
0.28
0.34
0.06



G000023
0.89
1.11
0.22



G000022
9.06
9.49
0.43



G000011
0.27
0.32
0.05



G-EW-O



G-EW-E



G-EW-B



G-EW-3



G-EW-2



G-EW-1
G-IW-2



1



2



3
4



5



67



0.5



FIGURE 3-4B
SIMULATED VS. MEASURED 
MAXIMUM DRAWDOWN, BASELINE 
CALIBRATION BF-EW-2 AND G-EW-2
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



0 1,000 2,000
Feet



MBFC BF-EW-2 Gage G-EW-2



Legend
Drawdown/Buildup 1 foot Contours



Drawdown/Buildup 0.5 foot Contours



Sample Locations



Injection Well



Extraction Well



BF00009
0.26
0.29
0.03



Simulated Drawdown/Buildup (ft)



Well_ID
Measured Drawdown/Buildup (ft)



Residual Drawdown/Buildup (ft) 











  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIM_VS_MEASURED_MAX_DRAWDOWN_IW1.MXD FIG3-4C_SIM_VS_MEASURED_MAX_DRAWDOWN_IW1.PDF 5/20/2008 21:28:03



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical
N



or
m



an
di



e 
A



ve



Carson St



Torrance Blvd



W
es



te
rn



 A
ve Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



BF-IW-E



BF-IW-2



BF-IW-1



BF-EW-TCE



BF-EW-N
BF-EW-M



BF-EW-D



BF-EW-B



BF-EW-2



BF-EW-1



BL0011B
-0.55
-0.36
0.19



BFOW001
-5.04
-4.81
0.23



BF0032A
-0.37
-0.32
0.05



BF00034
-0.49
-0.33
0.16



BF00020
-0.71
-0.44
0.27



BF00009
-0.34
-0.25
0.09



BF00007
-0.21
-0.11
0.1



BF00005
-0.03
-0.08
-0.05



BF00001
-0.4
-0.29
0.11-1



-2
-3



-4-5



-0.5



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Am
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



W
es



te
rn



 A
ve Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



G-EW-TCE



G-EW-O



G-EW-E



G-EW-B



G-EW-3



G-EW-2



G-EW-1



G-IW-D



G-IW-2



G-IW-1



LG00002
-0.72
-0.83
-0.11



GOW0001
-4.8



-3.95
0.85



G000033
-0.93
-0.71
0.22



G000025
-0.59
-0.53
0.06



G000020
-1.01
-1.14
-0.13



G000016
-0.34
-0.43
-0.09



G000015
-0.9
-0.88
0.03



G000011
-0.14



-0.2
-0.07



G000004
-0.46
-0.59
-0.13



G000003
-0.8



-0.88
-0.08



G000002
-0.67
-0.74
-0.07



G000001
-0.74
-0.9
-0.16



BL0011C
-1.28
-1.22
0.06



BL0010C
-0.65
-0.76
-0.11



-1



-2



-3



-4



-0.5



FIGURE 3-4C
SIMULATED VS. MEASURED 
MAXIMUM DRAWDOWN, BASELINE 
CALIBRATION BF-IW-1 AND G-IW-1
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



0 1,000 2,000
Feet



MBFC BF-IW-1 Gage G-IW-1



Legend
Drawdown/Buildup 1 foot Contours



Drawdown/Buildup 0.5 foot Contours



Sample Locations



Injection Well



Extraction Well



BF00009
0.26
0.29
0.03



Simulated Drawdown/Buildup (ft)



Well_ID
Measured Drawdown/Buildup (ft)



Residual Drawdown/Buildup (ft) 











  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIM_VS_MEASURED_MAX_DRAWDOWN_IW2.MXD FIG3-4D_SIM_VS_MEASURED_MAX_DRAWDOWN_IW2.PDF 5/20/2008 21:39:15



Boeing
Facility



ntrose
perty



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



405



110



Ve
rm



on
t A



ve



ad



Kenwood Drain



Torrance Lateral



SWL0036
-2.56
-2.21
0.35



SWL0026
-1.64
-1.75
-0.11



SWL0022
-4.87
-5.01
-0.14



G00019A
-1.17
-1.22
-0.05



G000017
-2.27
-2.39
-0.12



G000016
-0.75
-0.72
0.03



G000013
-1.51
-1.59
-0.08



G000012
-2.36
-2.4
-0.04



G000011
-5.69
-5.81
-0.12



G000009
-2.27
-2.37
-0.1



G-IW-D



G-IW-2



G-EW-TCE



G-EW-O



G-EW-E



G-EW-B



G-EW-3



G-EW-2



G-EW-1



-1



-2



-3



-4
-5
-6



-7-8



-9
-10



-11



-0.5
International



Light
Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



110



Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



F-IW-E



BF-IW-2



BF-IW-1



BF-EW-TCE



BF-EW-N



BF-EW-M



BF-EW-D



BF-EW-B



BF-EW-2



BF-EW-1



SWL0053
-1.36
-1.01
0.35



SWL0033
-0.38
-0.38



0



SWL0027
-9.45
-8.43
1.02



BL0010B
0
-0.03
-0.03



BF00024
-0.52
-0.57
-0.05



BF00016
-0.21
-0.24
-0.03



BF00014
-0.43
-0.48
-0.05



BF00013
-0.8



-0.59
0.21



BF00012
-1.14
-1.08
0.06



BF00010
-1.59
-1.49
0.1



-1



-2



-3
-4



-5



-6



-7



-0.5



MBFC BF-IW-2 Gage G-IW-2



FIGURE 3-4D
SIMULATED VS. MEASURED 
MAXIMUM DRAWDOWN, BASELINE 
CALIBRATION BF-IW-2 AND G-IW-2
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



0 1,500 3,000
Feet



BF00009
0.26
0.29
0.03



Simulated Drawdown/Buildup (ft)



Well_ID
Measured Drawdown/Buildup (ft)



Residual Drawdown/Buildup (ft) 



Legend
Drawdown/Buildup 1 foot Contours



Drawdown/Buildup 0.5 foot Contours



Sample Locations



Injection Well



Extraction Well











FIGURE 3-5
SIMULATED VS. 2006
CHLOROBENZENE DISTRIBUTION, 
BASELINE CALIBRATION



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical
N



or
m



an
di



e 
Av



e



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110
Ve



rm
on



t A
ve



Southern Pacific
 Railro



ad



Kenwood Drain



SWL0049
7.8



SWL0032
<5000



SWL0029
<1



SWL0004
<5000



SWL0003
<2500



SWL0002
<2



SWL0001
NA



MBFB-OW-1
(<100)



MBFB-EW-1
NA



XMW-04HD
<5000



XMW-03HD
<2



XMW-02HD
(<25)



XMW-01HD
(<5000)



XGW-07A
(<1)



SWL0059
<5



SWL0057
<1



SWL0051
<1



SWL0046
<1



SWL0044
<500



SWL0042
4.7



SWL0039
(<1)



SWL0038
(<1)



SWL0028
0.29



SWL0024
<1



SWL0021
300



SWL0017
<1



SWL0016
<1



SWL0015
(15)



SWL0012
(<1)



SWL0009
<0.22



SWL0008
<200



SWL0007
<1



SWL0006
<1



SWL0005
<1



PZL0026
<20



PZL0025
(<1)



PZL0022
<1



PZL0020
<200



PZL0019
(<5000)



PZL0018
(<1)



PZL0017
(<1)



PZL0016
<20



PZL0015
(<0.5)PZL0014



<1



PZL0013
(<5000)



PZL0012
<25



PZL0011
4.8



PZL0010
<1PZL0009



<1



PZL0008
(<1)



PZL0007
<1



PZL0006
<1



PZL0005
(<1)



PZL0004
<1



PZL0001
<1



PZL0024
BL-13A



2.3



BL-12A
<40



MW-31
23



MW-30
<2



MW-29
<1000



MW-27
<2



MW-26
(<2)



MW-25
59



MW-24
<2



MW-23
(<2)



MW-22
<2



MW-21
<20



MW-20
(<20000)



MW-17
<2



MW-16
<4



MW-14
(160)



MW-13
7200



MW-12
(2800)



MW-11
(930)



MW-10
<2



MW-09
200



MW-08
(5.1)



MW-07
(<200)



MW-06
350



MW-05
(480)



MW-04
18000



MW-03
<2



MW-02
(380000)



MW-01
84000



MW-19
<1



WCC-9S
<1



WCC-5S
<1



TMW-15
<1



TMW-14
<1



TMW-11
0.48J



TMW-10
<1



MWB028
<1



MWB027
<1



MWB019
<10



MWB013
<1



MWB007
<1



MWB006
<100



MWB003
<10



IRZMW3B
<1



IRZMW3A
<50



IRZMW2B
<1



IRZMW2A
<20



IRZMW1B
<2 IRZMW1A



<20



IRZMW5
<5



IRZMW4
<10



IRZB0095
<4



IRZB0081
<10



100



1



10



10



1



10



10



1



100,000
10



100



1



10



1



1



1
1,000



10,000



1



0 1,500 3,000



Feet



Notes:
   Value in brackets is the most recent Historic value.
   < = Value is less than the reported detection limit.
   μg/L = micrograms per liter
   NA = Not Analyzed
   J = estimated value



  \\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIM_VS_2006_CHLOROBENZENE_11X17.MXD FIG3-5_SIM_VS_2006_CHLOROBENZENE_11X17.PDF 5/20/2008 21:43:31



Capital
Metals



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



SWL0067
<2



SWL0066
<1



SWL0063
<1



SWL0036
<1



SWL0034
(6600)



SWL0026
<1



SWL0025
(<1)SWL0022



<1
BL-13C



2.9



BL-12C
24



BL-11C
(23)



LG-01
8.6



G-OW-4
NA



G-OW-3
(490)



G-OW-1
(<1)



G-IW-2
(<1)



G-IW-1
(<1)



G-EW-3
(640)



G-EW-1
(1300)



G-33
<4



G-32
<2



G-30
<2



G-29
<2



G-28
<2



G-27
<2



G-26
190



G-25
880



G-24
2300



G-23
<2



G-22
300



G-21
<10G-20



<2



G-19A
20



G-18
<2



G-17
280



G-16
<2



G-15
(13)



G-14
<1



G-13
4200



G-12
(1100)



G-11
20



G-09
540



G-08
580



G-06
3100



G-05
(3500)



G-04
71



G-03
(470)



G-02
16000



G-01
(990)



MWG002
<1



10



1,000



100



1



1



10



1



1,000



100



1



10,000



10



10



100



100



100



Capital
Metals



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacifi
c R



ailro
ad



Kenwood Drain



Torrance Lateral



SWL0065
<20



SWL0064
41



SWL0061
<1



SWL0058
360



SWL0055
<1



SWL0054
0.18



SWL0053
<1



SWL0040
(<500)



SWL0035
<1



SWL0033
3600



SWL0027
(<1)



SWL0018
<1



SWL0013
<1



BL-13B
<1



BL-12B
<40



BF-OW-4
NA



BF-OW-3
NA



BF-OW-1
(20)



BF-IW-2
(<1)



BF-IW-1
(41)



BF-EW-2
NA



BF-EW-1
NA



BF-36
<2



BF-35
1500



BF-34
<40



BF-33
(<2)



BF-32A
<2



BF-31
43



BF-30
<2



BF-29
250



BF-28
58



BF-27
(<2)



BF-26
<2



BF-25
50



BF-24
26000



BF-23
1



BF-22
240



BF-21
1500



BF-20
1700



BF-19
<2



BF-17
3800BF-16



(3000)



BF-15
5700



BF-14
(730)



BF-13
(<120)



BF-12
580



BF-11
7400



BF-10
21



BF-09
(19000)



BF-07
23000



BF-06
(26000)



BF-05
3.9



BF-04
(15000)



BF-03
6100



BF-02
73000



BF-01
(11)



MWC017
1.2



IRZCMW3
<2.5



IRZCMW2
2.6



IRZCMW1
<4CMW026



<1



CMW002
9700



CMW001
6800



10



1,000



10,000



10,000



10,000



100



10



10



10



10,000



MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Legend
Monitoring Well 
Groundwater Elevation (ft msl)



Groundwater elevation 
contour (ft msl) 
(Dashed where approximate)



Extraction or Injection Well



PZL0008
-8.14



-11



Simulated Groundwater elevation 
contour (ft msl) -11



Simulated Isoconcentration (μg/L)
10 - 100
100 - 1,000
1,000 - 10,000
10,000 - 100,000
100,000 - 1,000,000











FIGURE  3-6
SIMULATED VS. 2006 BENZENE 
DISTRIBUTION, BASELINE CALIBRATION
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FIGURE 3-7
SIMULATED VS. 2006 P-CBSA 
DISTRIBUTION, BASELINE CALIBRATION
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FIGURE  3-9A
CALIBRATED HORIZONTAL 
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FIGURE 3-9B
CALIBRATED HORIZONTAL 
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BASELINE CALIBRATION
MBFB AQUIFER
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FIGURE 3-9C
CALIBRATED HORIZONTAL 
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FIGURE  3-9D
CALIBRATED HORIZONTAL 
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FIGURE  3-9E
CALIBRATED HORIZONTAL 
HYDRAULIC CONDUCTIVITY, 
BASELINE CALIBRATION
LBF AQUITARD
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FIGURE  3-9F
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FIGURE  3-9G
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FIGURE  3-9H
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4. Wellfield Optimization  



A calibrated RD model was used for the development and optimization of the remedial 
wellfield.  The wellfield optimization methodology and the optimization results are 
discussed in this section. 



4.1 Wellfield Optimization Methodology 
The remedial wellfield optimization methodology described in this section was focused on 
the development of a remedial wellfield that can achieve all ROD requirements and account 
for design constraints in the most cost-effective manner.  Specifically, the optimization 
process was used to determine the minimum pumping rate of the overall remedial wellfield 
that will meet these requirements within the design constraints.  The overall pumping rate 
of the remedial wellfield is referred to as the “optimization target” in this analysis.   



As discussed in Section 1 of this report, the ROD (EPA, 1999) mandates a number of design 
requirements and specifications for the remedial wellfield.  Some of these requirements—
including the minimum total pumping rate of the remedial wellfield, indefinite containment 
within the CZ, containment of the overall contaminant distribution, reduction of the volume 
of water with concentrations of contaminants above drinking water standards to zero within 
certain timeframes, and certain pore-volume flushing rates within the contaminant 
distribution—must be achieved by the remedial wellfield.  These requirements are referred 
to as “hard remediation targets” for the purposes of this analysis.   



Some other ROD requirements—including limiting adverse migration of contaminants and 
redistribution of groundwater extraction as the contaminant plume shrinks—should only be 
achieved to the extent that they do not interfere with the hard remediation targets.  These 
requirements are referred to as “soft remediation targets.”  In addition, the wellfield design 
must account for constraints such as the access restrictions for the locations of wells and 
capacities of individual extraction and injection wells.   



To summarize, the RD optimization process had to account for multiple remediation targets, 
some of which were more critical than others, and consider numerous design constraints.  In 
addition, the optimization process had to account for the complicated conditions at the Dual 
Site, which included multiple contaminant plumes and source areas in multiple HSUs such 
as interconnected aquifers and aquitards.  In order to account for this level of complexity, it 
was decided that automatic optimization would be performed using an optimization 
software package that would be linked to the RD model of the Dual Site.   



Evaluation of several optimization software packages indicated that utilizing the 
optimization capabilities of PEST would be the most cost-effective approach for the remedial 
wellfield optimization.  While optimization programs other than PEST could potentially also 
be used for the wellfield optimization, linking them to the RD model would be a difficult, 
time-consuming, and expensive task given the complexity of the model.  In addition, other 
available optimization packages, such as global optimizer “Brute Force” or "Covariance 
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Matrix Adoption,” would require a much longer run-time for the optimization runs.  PEST, 
however, was already linked to the RD model as part of the calibration effort.  In addition, the 
applicability and effectiveness of using PEST for the RD modeling has already been tested 
and confirmed during the previous stages of work, while the applicability and effectiveness 
of other optimization programs has not been tested, and further verification and confirmation 
would be required.   



The mathematical procedure for PEST optimization is similar to that for calibration in terms 
of automatic minimization of the objective function.  However, in the case of optimization, 
the objective function is the sum of squared residuals of the remediation targets, which 
include the ROD requirements, and the minimum flow rate optimization target.   



In order to perform an automatic optimization using PEST, all ROD requirements as well as 
design constraints were translated into numerical measures that could be calculated at the 
end of a model run.  The hard targets were given higher weighting than the soft targets.  
The pumping rate minimization target was set up as a “soft” target (i.e., a target that is 
preferred but not required), and had lower weighting than the remediation targets (i.e., 
ROD requirements).  The optimization process was focused on minimizing the objective 
function by identifying the optimization parameters such as extraction and injection rates in 
individual remedial wells that were required to meet both the remediation targets and the 
overall pumping rate minimization target.   



Because the ROD also requires that the remedial wellfield meet the remediation targets with 
a sufficient degree of certainty even if actual site conditions differ from those assumed by 
modeling, the optimization process was designed to ensure that the optimized wellfield 
performs well under a range of plausible conditions.  This was achieved through failure 
analyses, which are discussed in detail in Section 5 of this report.  The methodology for 
failure analyses is also discussed in the Initial Calibration and Data Gap Analysis Report 
(CH2M HILL, 2005).   



The optimization approach discussed above allowed the development of a wellfield that is 
both reliable, with regard to achieving the remediation targets, and efficient, in that it uses 
the minimum amount of resources necessary to meet all remedial requirements.  The 
remediation targets, design constraints, and the optimization target are discussed in detail 
below. 



4.1.1 Remediation Targets 
Establishing the quantitative procedure for the evaluation of the remedial wellfield 
performance with regard to meeting the ROD requirements was an important part of the 
optimization methodology development.  To achieve this objective, the ROD requirements 
and specifications were translated into numerical targets that can be estimated by the model 
at the end of each optimization run.  Specifically, the following remediation targets (or 
target groups) were developed based on the ROD requirements:   



• Extraction rate target 
• Plume capture targets  
• Plume reduction and early time performance targets   
• Limiting adverse migration targets 
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Some targets are evaluated on an annual basis, while others are evaluated for each stress 
period of the simulation (i.e., for each successive configuration of extraction and injection 
wells).  The final weighting scheme for the remediation targets was developed iteratively, 
assigning greater weight to targets that were more difficult to achieve.  A brief description 
of each target or target group is presented below.   



Extraction Rate Target 
Based on the ROD requirements, hydraulic extraction will be performed at a combined 
initial pumping rate (sum of pumping rates of all individual extraction wells) as close to 
700 gpm as feasible.  The pumping rate may be increased, if required, to meet other 
remediation targets.  However, the pumping rate cannot be lower than 700 gpm.  
Consequently, the combined initial pumping rate of the remedial wellfield was not allowed 
to be less than 700 gpm in the PEST wellfield optimization simulations.  However, the total 
extraction rate was allowed to decline from 700 gpm when extraction wells reached cleanup 
levels and were deactivated during the simulation.   



Plume Capture Targets 
Plume capture targets include capture inside the CZ and capture of the overall contaminant 
distribution.  Each of these targets is discussed below. 



Capture Inside the CZ 
The ROD defines a CZ that was established on the basis of the technical impracticability (TI) 
waiver zone for the chlorobenzene and benzene plumes.  The CZ surrounds the NAPL (both 
DNAPL and LNAPL) in the region of groundwater as defined in the ROD.  The remedial 
actions should be implemented such that dissolved-phase contaminants and contaminants 
dissolving from NAPL within the CZ are prevented from escaping this zone and from 
entering the groundwater outside this zone (EPA, 1999).  The remediation target for capture 
of the chlorobenzene plume inside the CZ was incorporated into the model using the 
particle-tracking code MODPATH (USGS, 1994), which allows the model to track the 
particles of groundwater migrating outside the CZ.  Specifically, the following steps were 
implemented to incorporate the capture of the CZ target into the optimization simulations:  



• One hundred particles were started on a horizontal plane halfway between the top and 
bottom of each model grid cell within the CZ, and tracked downstream to the location 
where they exited the model.  Exit locations were defined as (1) remediation wells 
within the CZ, and (2) all other locations within the modeling domain. 



• The number of particles captured within the CZ, and the number of particles that 
escaped the CZ were reported in the model output files for each stress period.   



Capture inside the CZ was considered successful for each stress period if all particles exited 
the model at remediation wells inside the CZ.  If any number of simulated particles of 
groundwater were escaping hydraulic extraction wells and migrating downgradient, the 
objective function was increasing above the desired value and the remedial wellfield was 
adjusted accordingly to improve the CZ containment. 



Capture inside the CZ for the benzene plume could not be tracked using the particle-
tracking routine.  This is because particle tracking simulates advective transport (i.e., 
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transport with groundwater flow), and does not account for other processes including 
biodegradation, which have significant impact on the benzene transport.  Therefore, the CZ 
capture target for benzene was assessed using solute transport simulations.  Specifically, a 
“newly contaminated area” target was incorporated into the optimization simulations.  It 
was calculated based on the results of the solute transport simulations as the total area of 
model cells that exceed ISGS benzene levels for the current year, but not the previous year.  
This approach is discussed in detail in Section 4.1.1.5. 



Capture of the Overall Contaminant Distribution 
According to the ROD requirements, the site remedy shall achieve containment of the 
overall contaminant distribution, in a manner that does not permit the size of the 
chlorobenzene, benzene, and TCE plumes to increase once the remedial action is initiated.  
The chlorobenzene and benzene plumes were defined as the concentration distributions 
above the ISGS of these constituents including 70 µg/L for chlorobenzene and 1 μg/L for 
benzene.  Because the distribution and sources of TCE were not as well characterized as 
those for chlorobenzene and benzene, a capture target for the TCE plume was defined as 
capture of all groundwater beneath the high-concentration source areas at the APC and 
PACCAR properties in the MBFC and Gage aquifers (see Section 2.8.4 and Figure 2-9).  The 
capture target for the overall chlorobenzene distribution and for TCE distribution was 
incorporated into the model in a similar manner as the CZ capture target using the particle-
tracking code MODPATH (USGS, 1994).  Specifically, the following steps were 
implemented:  



• One hundred particles were started outside the CZ within the chlorobenzene plume, 
and within the TCE plume at the APC and PACCAR properties.  The particles 
originated on a horizontal plane halfway between the top and bottom of each model 
grid cell and were tracked downstream to the location where they exited the model.  
Particles were not started in model cells in the LBF and GLA aquitards, as the actual 
contaminant distribution in these units is highly uncertain.  Exit locations were defined 
as (1) remediation wells, and (2) all other locations within the modeling domain. 



• The number of particles captured within the CZ, and the number of particles that 
escaped the CZ were reported in the model output files for each stress period.   



Capture of the overall contaminant distribution was considered successful for each stress 
period if all particles exited the model at remediation wells.  If any number of simulated 
particles of groundwater were escaping hydraulic extraction wells and were migrating 
downgradient, the objective function was increasing above the desired value and the 
remedial wellfield was adjusted accordingly to improve the overall plume containment.   



The target for capture of the overall distribution for benzene was estimated in the same 
manner as the CZ capture target for benzene, because the transport of benzene is impacted 
significantly by the process of biodegradation and cannot be assessed using particle tracking 
(see Section 4.1.1.2).   



Plume Reduction and Early Time Performance Targets 
Plume reduction and early time performance targets include plume reduction rates and 
pore-volume flushing rates.  Each of these targets is discussed below. 
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Plume Reduction 
As discussed in the ROD, it is an explicit objective of this remedy to achieve significant 
reduction in the volume of contaminated groundwater outside the CZ in the early time 
period as simulated by the EPA-approved RD model.  To ensure that the remedy achieves 
the standards of the ROD in a reasonable timeframe, the ROD specifies volume-reduction 
rates for the chlorobenzene plume, with the focus on the MBFC and Gage aquifers (i.e., the 
main aquifers affected by the chlorobenzene contamination).  It requires that, at a minimum, 
the rate of plume reduction achieves the following performance criteria when simulated by 
the EPA-approved RD model: 



• 33 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
10 years. 



• 66 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
25 years. 



• 99 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
50 years. 



Incorporation of the plume volume-reduction criteria into the model was accomplished as 
follows: 



• It was assumed that because model layer thicknesses were relatively uniform within an 
HSU, it was acceptable to evaluate the percent reduction of the area of the plume as a 
proxy for volume. 



• The plume area was estimated as the area of all model cells in the MBFC and Gage 
aquifers that were located within the chlorobenzene plume (i.e., within the distribution 
of chlorobenzene in groundwater that exceeds the ISGS level of 70 μg/L), except for the 
area of the plume located inside the CZ.   



• The plume-reduction calculations were further adjusted to ignore the area upgradient of 
the CZ, where the artificial propagation of the dissolved plume occurred as the result of 
numerical dispersion.  Specifically, simulated chlorobenzene behavior near chlorobenzene 
source cells in the model showed some unrealistic effects, which were attributed to 
numerical dispersion.  These artificial effects of numerical dispersion are not uncommon 
in MT3DMS solute transport simulations, and are a known shortcoming of the upstream 
finite-difference mathematical solution used by MT3DMS.  Numerical dispersion resulted 
in upgradient propagation of concentrations in the MBFC aquifer (due to the particular 
combination of simulated flow conditions and transport properties in that area), which is 
not expected during operation of the actual remedial system.  This upgradient 
propagation of the dissolved plume was also in contradiction with the simulated particles 
of groundwater started from the chlorobenzene source area, which were all captured 
downgradient of the source by CZ remedial wells and did not migrate upgradient into 
the area of the plume propagation.  This further confirms that the simulated upgradient 
propagation of the plume in this area is an art-effect of numerical dispersion and should 
not be considered during the optimization runs.   
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• Plume volume reduction was evaluated separately for the MBFC and Gage aquifers after 
10, 25, and 50 years of the implementation of remedial actions.  The remediation target 
values used by PEST were set to match the ROD requirements listed above.  The targets 
were set in such a manner that faster plume removal than specified in the ROD was 
permitted without penalty.  Annual plume-reduction targets, which were not required 
by the ROD, were added by linearly interpolating between the 10-, 25-, and 50-year 
targets to facilitate the optimization process.  The annual targets were weighted less than 
the 10-, 25-, and 50-year targets required by the ROD.   



Plume reduction was considered successful if the 10-, 25-, and 50-year targets were achieved, 
or if more plume reduction than required by the ROD was achieved at those times.  If the 
plume reduction targets were not achieved, it resulted in a larger (less-desirable) objective 
function.  Consequently, the remedial wellfield was adjusted for the subsequent optimization 
simulations to improve the remedial performance with regard to the plume reduction targets.   



Pore-Volume Flushing 
As discussed in the ROD, flushing of the aquifer is the process by which contaminants are 
pushed from the ground during hydraulic extraction of groundwater.  Greater pore-volume 
flushing should result in a more rapid exchange of groundwater through the contaminated 
area, producing faster cleanup.  The ROD specifies that the remedial actions shall be 
designed in such a way that, when modeled by the EPA-approved RD model: 



• At least one net pore volume of water per year be exchanged throughout the area of the 
above-ISGS concentrations of chlorobenzene outside the CZ in the MBFC and Lynwood 
aquifers. 



• At least 0.5 net pore volume of water per year be exchanged throughout the area of 
above-ISGS concentrations of chlorobenzene outside the CZ in the Gage aquifer. 



The pore-volume flushing rate target was estimated as follows: 



• A computer program, similar to that used for the JGWFS analysis, was created to 
calculate pore-volume flushing rates within the chlorobenzene plume outside the CZ.  
Although this method of estimating pore-volume flushing rates is based on the 
volumetric flux and represents a significant simplification of the natural system, it was 
used for this analysis to be consistent with the estimates performed for the JGWFS, 
which served as a basis for the ROD requirements. 



• The minimum, maximum, and mean pore-volume flushing rates were estimated for the 
MBFC and Gage aquifers. 



• The remediation target values for pore-volume flushing rates used by PEST were set to 
match the performance criteria specified in the ROD and listed above.  The targets were 
set such that higher pore-volume flushing rates than those specified in the ROD did not 
result in a penalty. 



Pore-volume flushing was considered successful for each stress period if the rates required 
by the ROD were achieved and/or exceeded.  Less pore-volume flushing than the target 
values resulted in a larger (less-desirable) objective function.  This target had lower 
weighting, however, than the plume containment and plume reduction targets, to ensure 
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that achieving pore-volume flushing did not take pre-eminence over other performance 
criteria.   



Limiting Adverse Migration Targets  
As discussed in the ROD, the remedial action shall limit the adverse migration of NAPL and 
dissolved-phase contaminants.  The ROD requires that the RD should be adjusted to 
prevent or reverse adverse migration, but limiting adverse migration shall not take pre-
eminence over other remediation objectives specified in the ROD and discussed above.  
Consequently, the adverse migration should be limited without reducing the pumping rates 
of wells required to meet the other ROD objectives.  This may include potentially adding 
containment wells in the impacted areas to offset adverse migration.   



The remediation targets that were developed for limiting adverse migration include targets 
for NAPL and dissolved-phase contamination.  Both of these targets are discussed below. 



Limit Adverse Migration of NAPL 
The ROD requires that the remediation actions limit downward migration of NAPL by 
limiting drawdown and changes in vertical gradients in the physical space where NAPL 
occurs.  In order to steer the optimization process toward the remedial wellfield that is less 
likely to mobilize NAPL, a remediation target for minimum increase in vertical gradients 
within the CZ, where NAPL occurs, was incorporated into the optimization simulations.  
Incorporation of the remediation target for minimum increase in vertical gradients into the 
model was accomplished as follows: 



• A computer program was developed that calculates the maximum vertical head 
difference between source areas defined in the CZ and an underlying aquifer including: 
− Between the UBF and the MBFC 
− Between the MBFB and the MBFC 
− Between the MBFC and Gage aquifers 



• The remediation target values for the vertical gradients used by PEST were set to less 
than or equal to the values of ambient gradients simulated under nonpumping 
conditions. 



Limiting adverse migration of NAPL was considered successful for each stress period if the 
downward gradients in NAPL areas were not increased.  This target had lower weighting 
with regard to its contribution to the objective function than the plume containment and 
plume reduction targets, to ensure that limiting adverse migration did not take pre-
eminence over other performance criteria.   



Limit Adverse Migration of Dissolved Contamination 
The ROD requires that the remedial action shall be designed to limit adverse migration of 
dissolved contaminants within the context of meeting all other provisions of the ROD.  
Adverse migration of dissolved contaminants is defined as movement of chlorobenzene, 
benzene, and TCE plumes to areas that are not presently affected by these plumes.  To 
account for adverse migration, an additional remediation target referred to as “newly 
contaminated area” was incorporated into the model as follows: 
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• The newly contaminated area was calculated as the total area of model cells that exceed 
ISGS levels for the current year, but did not at the previous year.  The newly 
contaminated area was calculated for each year, for each aquifer. 



• The optimization target value used by PEST for the newly contaminated area was set to 
zero square feet (i.e., no increase in contaminated area). 



As discussed above, this target also was used for assessing capture of the overall 
distribution for benzene.  This target had lower weighting with regard to its contribution to 
the objective function than the chlorobenzene plume containment and reduction targets; this 
was intended to ensure that limiting adverse migration did not take pre-eminence over 
other performance criteria.  Specifically, this lower weighting was performed in order to 
prevent the need for reducing the aggressiveness of the chlorobenzene remedy in order to 
minimize the adverse migration of other contaminants such as benzene and TCE.  Instead, it 
was assumed that additional pumping and/or injection would be added to the remedial 
wellfield, if required, to capture the areas impacted by adverse migration of these 
contaminants and pull these contaminants back into the CZ.   



Redistribution of Groundwater Extraction  
As discussed in the ROD, the volume of groundwater that is contaminated above ISGS 
concentrations will shrink during chlorobenzene plume reduction, and the downgradient 
portion of the plume will be eliminated before the portion of the plume located more 
proximally to the NAPL sources.  As the plume shrinks, the most downgradient hydraulic 
extraction wells will come to be located outside of the plume area.  If the pumping outside 
the plume were to continue, these wells would counter further progress in shrinking the 
plume as they pull contaminants back into previously treated areas.  To avoid this in 
practice (and correspondingly in the design of the modeling simulations), pumping from 
these wells is discontinued (turned off) at appropriate points in time as the plume shrinks 
and extraction wells come to lie outside the remaining plume area.  The ROD requires that 
pumping from such deactivated wells be reallocated (if necessary) to extraction wells still 
being pumped inside the remaining plume area.  Consequently, the reconfiguration of the 
initial wellfield with the subsequent redistribution of flow among the remaining wells needs 
to take place in the course of the remedial actions. 



In general, the more pumping from the deactivated wells is redistributed among the 
remaining wells, the more rapid cleanup of the remainder of the plume would occur outside 
the CZ.  However, the reallocation of too much pumping to wells located near the CZ could 
cause a breach of CZ containment, which is prohibited by the ROD.  This breach of 
containment, in turn, would complicate and very likely impede the cleanup of the 
remainder of the plume outside the CZ.  Attempting to counter such a breach by increasing 
extraction from the CZ wells to reestablish hydraulic control of the CZ is not practical, 
because groundwater extraction from these wells is limited by aquifer hydraulic properties.  
In addition, the increase in extraction from the CZ wells could potentially mobilize DNAPL. 
Therefore, the redistribution of pumping was simulated and optimized so as to achieve a 
balance between the ROD goals of (1) redistributing as much flow as possible from 
deactivated wells to minimize the cleanup time, and (2) maintaining hydraulic containment 
of the CZ. 











4.  WELLFIELD OPTIMIZATION 
 



ES052008012SCO/BS2729.DOC/081490001 4-9 



To achieve this balance, the optimization process included the reduction of the total 
pumping rate of the remedial wellfield, if redistributed flow would cause the breach of CZ 
containment.  As a result, the optimized total extraction rate of the remedial wellfield 
decreased as more wells became deactivated, while the flow rates of remaining individual 
wells increased (see Section 4.2, Table 4-3). 



The optimization process was designed to account for the wellfield reconfiguration and 
redistribution of flow each time one or more wells achieved threshold (i.e., target shutdown) 
concentrations (see Section 4.2.1).  The fraction of redistributed flow was optimized for each 
reconfigured wellfield to achieve the ROD objectives.  As the simulated concentrations in 
extraction wells dropped below a threshold concentration, the wells were deactivated, and 
the remaining wells were optimized. 



In order to implement an automatic optimization of the flow redistribution, a command 
(batch) file was developed and used for running multiple model runs using both 
MODFLOW and MT3DMS.  The command file was written so that the model run was 
stopped each time the concentration in any of the extraction wells dropped below a 
threshold concentration.  The threshold concentration was adjusted during PEST 
simulations to optimize achievement of the ROD requirements.  For each subsequent model 
run, all wells in which concentrations dropped below the threshold concentration were shut 
down and pumping was redistributed among the remaining wells.  The final concentrations 
from the previous run were used as initial concentrations for the subsequent run.  These 
model runs were repeated until the plume reduction requirement in the ROD was met. 



Some modifications to the MT3DMS code were made to minimize the amount of time 
required for the model flow redistribution runs.  Ordinarily, MT3DMS halts a run after a 
specified duration of simulated time.  In the case of flow-redistribution runs, it was 
impossible to determine in advance how long each run should continue before one or more 
wells reached threshold concentrations.  This could result in extensive wasted computing 
time; for example, if a 30-year run time is specified and the concentrations in wells drop 
below the threshold after 10 years, computing time for the final 20 years would be wasted.  
The MT3DMS code was modified to allow automatic termination of the model run after one 
or more wells achieve the threshold concentrations.  Modifications to the MT3DMS code are 
described in Appendix C.   



The redistribution of flow between the wells was performed as follows:   



• Constant pumping rates were assigned directly to the CZ containment extraction wells, 
and to the TCE containment wells.   



• The CZ containment well pumping and TCE pumping was subtracted from the total 
optimized flow rate of the remedial wellfield, and the fractions of the remaining flow 
were redistributed among the wells outside the CZ to achieve the ROD requirements. 



• The redistribution process was repeated each time when one or more wells were 
shutdown, and the additional flow from deactivated wells was redistributed among the 
remaining wells.  As discussed in Section 4.1, the optimization process was focused on 
minimizing the objective function by identifying the pumping and injection rates in 
individual wells that were required to meet the ROD requirements.  As a result, the 
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additional redistributed flow was reduced as necessary by the optimization process to 
prevent breach of the CZ containment.   



• A similar fraction-assignment process was used to assign flow rates to injection wells. 



• The optimized total flow for each wellfield configuration was calculated as the initial 
total flow, minus the flow from deactivated wells, plus the reallocated portion of flow 
from deactivated wells.   



This flow redistribution process ensures that remedial extraction remains optimized as the 
size and the shape of the plume changes in the course of remedial actions.   



4.1.2 Remedial Design Constraints 
The RD must be constrained by realistic physical limitations, such as maximum capacities of 
extraction and injection wells, and realistic locations for pumping and injection wells, which 
consider access restrictions and other considerations.  For the purposes of automatic 
optimization, these constraints had to be translated into numerical equivalents and 
incorporated into the model, so that unrealistic well locations and pumping/injection rates 
were eliminated from consideration.  A brief description of the implementation of each RD 
constraint is provided below. 



Locations of Extraction and Injection Wells 
Because the remedial wellfield will be installed in a developed area, limited locations are 
available for extraction and injection wells.  Initial wellfield configuration was developed in 
consultation with Shell and Montrose based on the October 2006 distribution of contaminant 
concentration data, and available data regarding the access restrictions.   



The initial configuration of the remedial wellfield included a relatively small number of 
injection and extraction wells in order to reduce the number of stagnation zones within the 
plume.  In general, any two extraction wells in the same aquifer will have a stagnation zone 
between them, which can slow the rate of plume reduction.  Because of this, using only as 
many extraction wells as necessary to achieve the ROD requirements and maintaining the 
right balance between the factors listed above and the reliability of the remedial wellfield is 
preferred to operating more wells.  In addition, this approach improves the implementability 
and cost-effectiveness of the remedy.  In the process of optimization, the well locations were 
further adjusted, and several extraction and injection wells were added to the remedial 
wellfield in order to improve the wellfield performance with regard to meeting the 
remediation targets (see Section 4.2).  Access restrictions and other factors were also 
considered for these additional wells.   



Maximum Capacities of Wells 
Maximum capacities of individual extraction and injection wells were estimated by H+A 
based on the results of pilot test data at installed wells, and from aquifer characteristics at 
proposed well locations.  The flow rates of individual wells were limited in the optimization 
process by these maximum capacities.  If the ROD requirements could not be achieved with 
all wells operating at or below their maximum capacities, additional well locations were 
added, and the system was optimized again.   
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4.1.3 Optimization Target 
As discussed above, the ROD requires a minimum pumping rate of 700 gpm for the 
remedial wellfield.  Consequently, the pumping rate optimization target was set up to 
700 gpm, and the optimization process was used to identify the most efficient distribution of 
pumping that can achieve the ROD requirements at a flow rate that is as close as possible to, 
but not less than, 700 gpm.   



The pumping rate optimization target for the remedial wellfield was incorporated into 
optimization simulations as a “soft” target, compared to the “hard” remediation targets 
such as plume volume reduction, plume containment, etc.  This means that given similar 
performance in achieving remediation targets, the wellfield that meets the pumping rate 
optimization target would be selected.   



4.2 Remedial Wellfield Optimization Results  
This section discusses the results of the remedial wellfield optimization including 
(1) specifications for the optimized remedial wellfield, which were used to develop an OOD, 
and (2) comparison of the simulated wellfield performance to the remediation targets 
discussed in Section 4.1.1.  The OOD is discussed in detail in the Overall Operational Design 
Report (CH2M HILL, 2008).  Appendix A contains a DVD with an electronic copy of the 
complete set of optimized wellfield simulations using the calibrated RD model. 



4.2.1 Specifications for the Optimized Remedial Wellfield 
The specifications for the optimized remedial wellfield discussed below include the 
following:   



1. Locations and rationale for the extraction and injection wells in the overall system (in 
both areal dimensions and depth/HSU dimensions), as well as the approximate number 
of extraction and injection wells based on the assumed or estimated well capacities;  



2. Optimized flow rates of the remedial wellfield including the initial total pumping rate of 
the remedial wellfield, initial rates of extraction and injection wells, and maximum flow 
rates of individual wells;  



3. Operational considerations for the remedial wellfield including concentration target 
shutdown levels for shutting down extraction wells, general guidance for redistributing 
flow between the wells, and considerations pertaining to operation of the wells involved 
in maintaining containment of the CZ as specified in the ROD; and  



4. Estimated (modeled) influent concentrations of chlorobenzene, benzene, and p-CBSA, 
including flow-weighted average concentrations and well-specific concentrations.   



Please note that engineering specifications for wells, conveyances, or treatment systems, 
including materials, conveyance alignments, injection controls, equipment, systems design, or 
any other such engineered characteristics were not included in the scope of these modeling 
activities.  The specifications for the optimized remedial wellfield discussed in this section 
also do not include contingencies that should be incorporated in the formal design due to 
uncertainty in future operational needs and conditions.  It also should be recognized that 
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these specifications were developed based on the currently available information, and as new 
information is obtained—especially field operational data during remedy implementation—
the wellfield may need to be reoptimized and adjusted to ensure compliance with ROD 
requirements (for instance, modifying pumping rates and/or adding wells).   



Locations and Approximate Number of Extraction and Injection Wells  
This section presents the optimized locations for the remedial wells, including both 
extraction and injection wells.  One well per location was assumed for the purposes of this 
optimization effort.  This assumption was made based on the available data regarding the 
hydrogeologic properties of the formation and the estimated capacities of the existing wells 
(i.e., based on the design constraints).  However, if it is determined during the design or 
remedy implementation that the required flow rate cannot be achieved at certain locations 
with just one well, additional wells will need to be installed at these locations to meet the 
requirements of the ROD.  These additional wells should be installed in the general vicinity 
of the proposed locations, but at a sufficient distance from existing extraction and/or 
injection wells to avoid interference between the wells (i.e., significant impact on drawdown 
or buildup in the adjacent wells).   



Figures 4-1A through 4-1C show the locations of the remedial wells, including injection and 
extraction wells in the water table, MBFC, and Gage aquifers.  The coordinates of these wells 
are presented in Table 4-1.  The overall optimized remedial wellfield includes a total of 
17 extraction wells (3 wells in the water table aquifer, 7 wells in the MBFC, and 7 wells in the 
Gage aquifer), and 6 injection wells (3 wells in the MBFC and 3 wells in the Gage aquifer).  
Of these wells, 6 extraction wells and 4 injection wells have already been installed as part of 
the pilot testing program (Figures 4-1A through 4-1C).   



TABLE 4-1 
Coordinates of Proposed Locations for Extraction and Injection Wells 



Well-ID 
Easting  



(feet) 
Northing  



(feet) 



UBA-EW-A 4196962 4056685 



UBA-EW-B 4197737 4056797 



MBFB-EW-1 4197447 4056528 



BF-EW-1 4197422 4056537 



BF-EW-2 4198681 4054093 



BF-EW-B 4197901 4055049 



BF-EW-D 4199017 4053193 



BF-EW-M 4196962 4056685 



BF-EW-N 4197737 4056797 



BF-EW-TCE 4197700 4058500 



G-EW-1 4197413 4056557 



G-EW-2 4199810 4053771 



G-EW-3 4197124 4054177 
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TABLE 4-1 
Coordinates of Proposed Locations for Extraction and Injection Wells 



Well-ID 
Easting  



(feet) 
Northing  



(feet) 



G-EW-B 4198806 4055526 



G-EW-E 4200180 4053281 



G-EW-O 4198712 4054397 



G-EW-TCE 4197700 4058500 



BF-IW-1 4194654 4057024 



BF-IW-2 4200276 4054984 



BF-IW-E 4194114 4057626 



G-IW-1 4194654 4057065 



G-IW-2 4199886 4056660 



G-IW-D 4199664 4057762 



Note:  
Datum used for well coordinates is MNAD27 (Modified State Plane Zone VII NAD 
27 feet). 



 
As discussed above, the initial locations for the remedial wells were selected based on the 
configuration of the contaminant plumes and site access considerations.  The CZ extraction 
wells are located in each impacted aquifer (i.e., water table aquifer, MBFC, and Gage 
aquifer) within the CZ, downgradient of the source area.  The plume-reduction wells, in 
general, are located along the central axis of the contaminant plumes.  The well locations 
were refined based on the optimization process in order to achieve the requirements and 
standards of the ROD.  For example, the locations of the plume-reduction wells were 
adjusted and moved further downgradient from the CZ so that these wells would not 
interfere with the CZ containment wells (i.e., would not pull contaminated groundwater out 
of the CZ).   



The optimization process resulted in adding several extraction and injection wells to the 
remedial wellfield.  Wells BF-EW-M and BW-EW-N were added to improve the CZ 
containment in the MBFB aquifer (Figure 4-1A).  Additional extraction well G-EW-E was 
added at the toe of the chlorobenzene plume in the Gage aquifer in order to meet the ROD 
requirement for the overall chlorobenzene plume containment and volume reduction 
(Figure 4-1C).  A failure of plume containment in this area would pose a significant risk to 
downgradient receptors and may cause rapid migration of contaminants both laterally and 
vertically.  The Gage aquifer is a drinking water aquifer and several municipal wells are 
located in relatively close proximity to the toe of the chlorobenzene plume.  The hydraulic 
gradient is significantly steeper at the downgradient edge of the chlorobenzene plume in the 
Gage aquifer, possibly due to the impact of the downgradient municipal extraction.  This 
makes hydraulic containment more difficult.  Any potential increase in downgradient 
extraction from the municipal wells could result in further increase of the hydraulic gradient 
and greater loss of plume containment.  Because the existing downgradient well, G-EW-2, 
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has a limited specific capacity (see Section 4.2.1.2), an additional extraction well in this area 
is critical for the reliable containment and subsequent success of the remedy.   



Also as a result of the optimization process, the locations and flow rates of injection wells 
were adjusted and one well was added to the remedial wellfield in order to reduce the 
adverse impact of remedial pumping on other contaminant plumes such as the TCE and 
benzene plumes.  As a result, injection at the Del Amo site will be performed in two Gage 
injection wells (existing well G-IW-2 and new well, G-IW-D, which was added during 
optimization) in order to reverse the downward gradient between the MBFC and Gage 
aquifers in the area where elevated concentrations of benzene and TCE are present in the 
MBFC (Figure 4-1C).  Reversing the downward hydraulic gradient in this area will prevent 
the vertical migration of TCE and benzene into the Gage aquifer and will ensure 
containment of these contaminants within the CZ in the MBFC.   



The primary rationale for the locations of each extraction and injection well is presented in 
Table 4-2. 
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TABLE 4-2 
Rationale for Locations of Remedial Wells  



Location Rationale 



MBFB-EW-1 Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-A Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-B Containment of the chlorobenzene plume within the CZ in the water table aquifer 



BF-EW-1 Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-M Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-N Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-B Reduction of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-D Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-TCE Containment of the TCE plume migration from upgradient sources in the MBFC  



G-EW-1 Containment of the chlorobenzene plume within the CZ in the Gage aquifer 



G-EW-B Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-3 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-O Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-E Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer  



G-EW-TCE Containment of the TCE plume migration from upgradient sources in the Gage aquifer  



BF-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-E Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-2 Disposal of treated groundwater and flushing the plume toward extraction wells in the 
MBFC 



G-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the Gage aquifer 



G-IW-2 Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 



G-IW-D Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 
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Optimized Flow Rates of the Remedial Wellfield  
This section discusses the optimized flow rates for the remedial wells, including the total 
pumping rate of the initial remedial wellfield, the initial rates of individual extraction and 
injection wells, and the maximum flow rates of individual wells.   



Total Flow Rate of Initial Remedial Wellfield(s)  
Based on the optimization modeling, a total extraction rate of 729 gpm is required to achieve 
the ROD standards (Table 4-3).  This includes extraction of 700 gpm to address the ROD 
standards for the chlorobenzene and benzene plumes, and extraction of 29 gpm to address 
the ROD standards for the TCE plume.   



Initial Flow Rates of Individual Wells  
The optimized flow rates for extraction and injection are included in Table 4-3.  These 
include the initial flow rates and subsequent redistribution of pumping and injection after 
the concentrations in some wells decrease below threshold shutdown levels and those wells 
are shut down.  The initial flow rates of wells are also shown in Figures 4-1A through 4-1C 
for the water table, MBFC, and Gage aquifers.   



Maximum Flow Rates of Individual Wells  
The maximum rates for individual wells are provided in Table 4-3.  For some extraction 
wells, the maximum rates are higher than the initial rates, because additional pumping may 
need to be added to those wells as part of pumping redistribution to meet ROD standards 
after shutting down the wells that have achieved threshold concentration levels.  
Consequently, the RD should ensure that the wells have sufficient capacity to achieve these 
rates, if required.  For injection wells, the maximum flow rates shown are the same as the 
initial rates.   



Based on pilot testing data presently available, existing wells appear to have sufficient 
capacity to achieve maximum flow rates, if required (Table 4-3).  However, actual field 
conditions may differ from previously estimated values.  Consequently, additional 
contingency should be considered for the design of remedial wells.  Further, the maximum 
flow rates discussed in this report should not define the capacity of the treatment system 
and conveyances.  As discussed above, treatment system capacity should be designed with a 
sufficient margin of contingency due to uncertainty in future operational needs and 
conditions. 



Operational Considerations for the Remedial Wellfield  
The ROD requires reduction in the volume of the chlorobenzene plume outside the CZ to 
zero over time.  The optimization process accounted for this by simulating shutdown of 
remedial extraction wells at the simulated time when the contaminant concentrations in 
these wells decreased below a certain threshold level, as explained below.  This threshold 
level is referred to as the “target shutdown level” in the following discussion.   
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TABLE 4-3 
Optimized Flow Rates for Remedial Wells  



Time Period/Duration (years) 



Redistribution of Pumping after Clean Wells 
Start Shutting Down 



Aquifer 
Well 



Identification 



Initial 
Flow 
Rates  



(0 to 15) 
15 – 18/ 



3  
18 – 26/ 



8  
26 – 30/



4 
30 – 32/ 



2 



Maximum 
Flow 
Rate 



(gpm) 
Estimated 
Capacity 



Extraction Well Rates (gpm) 



UBA-EW-A 6.0 6.0 6.0 6.0 6.0 6.0 12 



UBA-EW-B 12.0 12.0 12.0 12.0 12.0 12.0 24 
Water 
Table 



MBFB-EW-1* 4.0 4.0 4.0 4.0 4.0 4.0 4 



BF-EW-1* 35.0 35.0 35.0 35.0 35.0 35.0 35 



BF-EW-2* 67.6 68.5 75.1 77.0 79.9 79.9 90 



BF-EW-B 63.9 64.8 71.0 72.9 75.6 75.6 80 



BF-EW-D 132.4 134.2 Well shut 
down 



Well shut 
down 



Well shut 
down 134.2 140 



BF-EW-M 35.0 35.0 35.0 35.0 35.0 35.0 NA 



BF-EW-N 35.0 35.0 35.0 35.0 35.0 35.0 NA 



MBFC 



BF-EW-TCE 12.0 12.0 12.0 12.0 12.0 12.0 NA 



G-EW-1* 120.0 120.0 120.0 120.0 120.0 120.0 250 



G-EW-2* 29.5 29.9 32.7 33.6 Well shut 
down 33.6 70 



G-EW-3* 24.9 25.3 27.7 Well shut 
down 



Well shut 
down 27.7 30 



G-EW-B 57.1 57.9 63.5 65.1 67.6 67.6 80 



G-EW-E 29.5 Well shut 
down 



Well shut 
down 



Well shut 
down 



Well shut 
down 29.5 50 



G-EW-O 48.1 48.7 53.4 54.8 56.8 56.8 60 



Gage  



G-EW-TCE 17.0 17.0 17.0 17.0 17.0 17.0 NA 



Total Extraction Rate of 
the Remedial Wellfield  729.0 705.4 599.4 579.5 555.9   



Injection Well Rates (gpm) 



BF-IW-1* 39.9 38.6 32.6 31.4 30.1 39.9 130 



BF-IW-2* 39.9 38.6 32.6 31.4 30.1 39.9 150 MBFC 



BF-IW-E 56.8 54.8 46.3 44.7 42.7 56.8 70 



G-IW-1* 312.5 302.0 254.8 245.9 235.3 312.5 610 



G-IW-2* 125.4 121.2 102.2 98.7 94.5 125.4 350 Gage  



G-IW-D 125.4 121.2 102.2 98.7 94.5 125.4 260 



Note:  
* Wells installed for pilot testing 
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As the simulation proceeded after the shutdown, the flow was then redistributed among the 
remaining extraction wells.  Considering the redistribution of flow (pumping) in the 
optimization process allowed for the more effective use of extraction wells and resulted in a 
lower optimized total flow rate for the remedial wellfield than that estimated without 
considering flow redistribution.  Further evaluation of the optimized flow redistribution in 
modeling runs indicated that the following aspects pertaining to the operation of the 
remedial wellfield should be considered and accounted for during the RD and remedy 
implementation:  



• Target shutdown levels for extraction wells  
• General guidance for redistributing flow between the wells  
• Operation of CZ containment wells  



Target Shutdown Levels for Extraction Wells  
The optimization simulations of the remedial wellfield indicated that the target shutdown 
level for contaminant concentrations, at which extraction wells can be turned off, is an 
important parameter that should be considered for the development of the performance 
monitoring program and during remedy implementation.  Specifically, the modeling results 
indicated that shutting off extraction wells at concentrations equal to the ISGS level for 
chlorobenzene (70 µg/L) would result in a loss of hydraulic containment for part of the 
chlorobenzene plume.  As this uncaptured portion of the plume migrates downgradient, 
previously cleaned areas of the aquifer would become recontaminated.  This is because the 
need for downgradient containment is not eliminated when the contaminant concentration 
in a plume-reduction well reaches the ISGS level.  For example, an extraction well located at 
the toe of the chlorobenzene plume could extract groundwater from both upgradient 
locations with contaminant concentrations above the ISGS and from downgradient locations 
where groundwater is already below ISGS levels.  In this example, the resulting diluted 
contaminant concentrations in the well could be below the ISGS levels; however, if this well 
is shut off, the above-ISGS concentrations from the upgradient areas can escape the 
extraction system.   



Based on the modeling optimization runs, using a target shutdown level of 10 to 15 µg/L of 
chlorobenzene is more appropriate than the ISGS level, because it does not result in the 
contaminant plume escaping downgradient containment.  A detailed discussion pertaining 
to the monitoring and sampling procedures required for shutting down remedial wells, and 
the rationale for the concentration target shutdown levels will be included in the Monitoring 
and Compliance Plan (MACP), which will be prepared in 2008.   



Redistributing Flow  
The modeled distribution of flow between the extraction and injection wells for five 
consecutive simulated time periods is presented in Table 4-3.  The initial time period 
terminates after 15 years, when the concentration in well G-EW-E decreases below the target 
shutdown level of 10 µg/L.  The second time period starts with well G-EW-E being shut 
down and the flow from this well being redistributed between the remaining wells.  The 
second time period and each subsequent time period also terminate when the concentrations 
in at least one extraction well drop below the target shutdown level.  Each time, the flow is 
redistributed between the remaining wells in a manner that allows the most cost-effective 
achievement of ROD standards.   
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A number of operational issues have been identified by modeling in the process of the 
remedial wellfield optimization simulations; these issues should be considered during the 
design and operation of the remedial wellfield, and include the following:  



• Additional pumping should not be redistributed to the CZ containment wells (unless 
monitoring during remedy implementation demonstrates the lack of capture) as it may 
induce horizontal and/or vertical gradients in the DNAPL source area.   



• Flow redistribution should be performed in a manner that does not result in creating 
interference (i.e., competition for capture) between the CZ containment wells and the 
wells located downgradient of the CZ.  The significant increase in flow rates in wells 
located downgradient of the CZ containment wells may cause a loss of capture in the CZ 
and result in contaminated groundwater bypassing CZ containment wells and 
migrating toward the wells with increased extraction.  Consequently, only a portion of 
the flow from the cleaned up wells may need to be redistributed between the remaining 
wells.  Additional modeling runs using the revised numerical model of the Dual Site 
should be performed each time the flow from clean wells needs to be redistributed 
between the remaining wells to optimize the performance of the remedial wellfield.   



• The optimized amount of injection into the Gage aquifer significantly exceeds injection 
into the MBFC.  This distribution of injection helps to mitigate the adverse vertical 
migration of DNAPL and dissolved contaminants into the Gage aquifer.  When the 
amount of water available for injection decreases because of reduced extraction, injection 
in the MBFC wells should be stopped or reduced first.  Injection in the Gage well located 
west of the Montrose site (well G-IW-1) can be reduced with further reduction of 
pumping.  However, injection rates should be maintained at Gage injection wells 
(G-IW-2 and G-IW-D) located at the Del Amo site to prevent vertical migration of TCE 
and benzene from the CZ in the MBFC into the Gage aquifer.   



Operation of CZ Containment Extraction and Injection Wells  
Most plume-reduction wells will be shut down after meeting the ROD requirements.  
However, as required by the ROD, the CZ containment wells will operate indefinitely or 
until the sources of contamination are removed and the groundwater within the CZ is 
remediated.  This includes the CZ containment extraction wells UBA-EW-A, MBFB-EW-1, 
and UBA-EW-B in the water table aquifer; BF-EW-1, BF-EW-M, and BF-EW-N in the MBFC; 
and G-EW-1 in the Gage aquifer.  In addition, Gage injection wells G-IW-2 and G-IW-D are 
also considered to be CZ containment wells because these wells prevent vertical migration 
of TCE and benzene from the CZ in the MBFC into the Gage aquifer (Table 4-2).  Extraction 
and injection rates of the CZ containment wells can be adjusted upon shutting down other 
remedial extraction wells.  It is expected that the amount of extraction from the CZ 
containment wells will be sufficient to maintain adequate injection into the CZ injection 
wells at the Del Amo site.   



It is assumed for the purposes of this RD, that the TCE containment wells BF-EW-TCE and 
G-EW-TCE also will operate indefinitely or until the upgradient sources of contamination 
are removed and the groundwater at the upgradient locations is remediated.  Additional 
modeling runs using the revised numerical model of the Dual Site can be performed to 
determine the flow rates of the CZ containment wells and TCE containment wells when the 
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chlorobenzene plume-reduction wells achieve cleanup standards and are no longer in 
operation. 



Simulated Treatment System Influent Concentrations 
Simulated influent concentrations of chlorobenzene, benzene, and p-CBSA for each well are 
presented in Tables 4-4 through 4-6.  These tables also present the flow-weighted average 
concentration for each of these constituents.  The estimates of contaminant concentrations 
are presented for a simulated duration of remedial action of 32 years.  Modeling results 
indicate that the ROD requirements pertaining to the reduction of the chlorobenzene plume 
will be met after 32 years and most remedial wells will be shut down at that time.  The CZ 
containment wells will be in operation indefinitely, and it can be assumed for the purposes 
of the design that the concentrations in these wells will stay constant.   



While the estimates of contaminant concentrations presented in Tables 4-4 through 4-6 
should be used for the design of the treatment facility, these estimates do not include the 
contingency that should be incorporated in the formal design due to uncertainty associated 
with modeling estimates of contaminant concentrations and future operational needs and 
conditions.  In general, the early-time estimates of influent concentrations are expected to be 
more accurate than the late-time concentrations, because they are less impacted by the 
modeling uncertainties and uncertainties associated with future conditions.   



The influent concentrations of TCE are not presented in this report, because modeling of the 
solute transport of TCE was not included in the scope of optimization modeling (see 
Sections 2 and 3). 



4.2.2 Comparison of Simulated Wellfield Performance to Remediation Targets 
This section presents a comparison of the performance of the optimized remedial wellfield 
to the remediation targets (i.e., the ROD requirements).  As discussed in Section 4.1, these 
requirements include:  



• Minimum total pumping rate of the remedial wellfield 



• Indefinite containment within the CZ 



• Containment of the overall contaminant distribution 



• Reduction of the volume of water with concentrations of contaminants above drinking 
water standards to zero within certain timeframes 



• Certain pore-volume flushing rates within the contaminant distribution 



• Limiting adverse migration of contaminants 



• Redistribution of groundwater extraction as the contaminant plume shrinks 
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TABLE 4-4 
Simulated Chlorobenzene Influent Concentrations 



Simulated Chlorobenzene Influent Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 7,711 1,746 4,449 2,010 22,974 17,361 11,677 1,838 28,912 19,003 4,581 294 660 1,595 236 179 
1 4,490 13,172 3,565 7,275 17,199 8,882 6,250 1,405 12,556 7,044 3,094 157 910 1,915 167 114 
2 3,242 21,038 3,050 12,017 12,522 4,938 4,287 880 7,625 5,775 2,470 118 927 1,674 126 105 
3 2,648 25,533 2,593 16,388 9,731 2,865 3,076 543 6,265 5,147 2,416 94 896 1,371 96 114 
4 2,306 27,723 2,246 20,196 8,079 1,744 2,238 339 5,825 4,726 2,398 76 842 1,095 75 132 
5 2,091 28,615 2,029 23,491 7,071 1,120 1,630 217 5,658 4,426 2,370 64 775 873 59 157 
6 1,953 28,892 1,942 26,399 6,443 759 1,181 144 5,584 4,213 2,341 54 700 701 47 184 
7 1,863 28,937 1,970 29,019 6,044 538 850 99 5,548 4,062 2,318 46 621 570 38 212 
8 1,805 28,929 2,083 31,401 5,790 395 610 70 5,527 3,958 2,300 40 540 466 31 239 
9 1,769 28,926 2,252 33,547 5,627 297 437 52 5,514 3,886 2,286 35 460 385 25 264 



10 1,746 28,937 2,450 35,443 5,521 228 315 40 5,504 3,835 2,276 31 386 320 21 286 
11 1,732 28,949 2,651 37,074 5,452 177 229 31 5,497 3,800 2,269 28 318 267 17 304 
12 1,723 28,950 2,840 38,435 5,405 139 170 25 5,490 3,775 2,263 25 258 223 15 318 
13 1,717 28,930 3,008 39,537 5,374 111 129 21 5,485 3,758 2,259 23 207 186 12 326 
14 1,712 28,888 3,151 40,401 5,351 91 100 17 5,479 3,745 2,256 21 164 156 11 329 
15 1,708 28,823 3,268 41,058 5,335 75 80 15 5,475 3,736 2,254 19 129 131 9 327 
16 1,759 28,815 3,346 41,345 5,295 62 66 13 5,480 3,696 2,247 16 100 110 9 315 
17 1,753 28,744 3,408 41,592 5,283 53 56 11 5,480 3,684 2,246 14 78 92 9 301 
18 1,748 28,650 3,458 41,748 5,274 46 49 10 5,477 3,677 2,245 13 60 77 9 283 
19 2,021 28,839 3,376 39,847 5,010 35 40 7 5,445 3,464 2,227 14 45 71 9 256 
20 2,005 28,831 3,340 39,179 4,975 31 34 5 5,442 3,426 2,229 14 34 60 9 229 
21 1,994 28,755 3,329 38,668 4,960 27 30 4 5,440 3,409 2,231 14 26 51 9 203 
22 1,985 28,652 3,327 38,241 4,951 25 27 3 5,437 3,402 2,232 14 20 43 9 178 
23 1,977 28,539 3,327 37,880 4,945 23 24 2 5,435 3,397 2,232 14 16 37 8 154 
24 1,970 28,425 3,327 37,576 4,940 21 22 2 5,433 3,395 2,232 13 13 32 8 133 
25 1,963 28,315 3,327 37,324 4,935 20 21 2 5,431 3,393 2,231 12 10 28 8 114 
26 1,958 28,210 3,327 37,115 4,932 18 19 1 5,428 3,392 2,231 12 8 24 8 97 
27 2,009 27,827 3,357 36,766 4,893 17 18 1 5,326 3,418 2,212 11 7 22 7 83 
28 2,003 27,641 3,375 36,594 4,883 17 18 1 5,307 3,428 2,211 11 6 20 7 71 
29 1,999 27,499 3,391 36,477 4,878 16 17 1 5,301 3,432 2,213 10 5 17 7 60 
30 1,996 27,381 3,407 36,397 4,874 15 16 1 5,298 3,435 2,213 9 4 15 6 51 
31 2,078 27,343 3,402 36,223 4,854 14 15 1 5,305 3,409 2,207 8 4 13 6 41 
32 2,075 27,271 3,404 36,135 4,849 14 15 1 5,306 3,403 2,208 7 4 12 6 35 
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TABLE 4-5 
Simulated Benzene Influent Concentrations 



Benzene Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 48 1,210 0 4,872 74 19 22 0 34 17 0 0 0 0 0 0 
1 7.2 216 0 791 10 3 3 0 6 -15 0 0 0 2 0 0 
2 3.1 139 0 257 5 1 1 0 4 -7 0 0 0 3 0 0 
3 2.5 127 0 141 4 0 0 0 4 1 0 0 0 2 0 0 
4 2.4 125 0 117 4 0 0 0 4 3 0 0 0 2 0 0 
5 2.4 125 0 111 4 0 0 0 4 4 0 0 0 1 0 0 
6 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
7 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
8 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
9 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 



10 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
11 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
12 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
13 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
14 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
15 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
16 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
17 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
18 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
19 2.7 126 0 97 4 0 0 0 4 4 0 0 0 0 0 0 
20 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
21 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
22 2.7 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
23 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
24 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
25 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
26 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
27 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
28 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
29 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
30 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
31 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
32 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
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TABLE 4-6 
Simulated p-CBSA Influent Concentrations 



p-CBSA Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 39,989 68,022 28,607 12,086 86,737 98,080 113,356 12,013 99,514 38,787 17,264 7,300 5,687 22,155 4,824 297 
1 23,821 73,417 15,494 71,516 75,177 48,303 46,404 10,355 62,022 21,919 10,206 3,581 6,785 16,269 4,295 755 
2 17,622 64,895 11,512 87,800 63,133 26,706 27,326 6,921 46,371 24,554 10,625 2,749 5,861 11,164 3,551 1,082 
3 13,951 58,248 8,978 87,227 53,334 14,914 17,254 4,354 41,350 25,933 10,656 2,071 4,938 7,402 2,857 1,673 
4 11,738 54,448 7,466 82,275 46,733 8,639 11,159 2,693 39,751 26,322 10,501 1,538 4,069 4,951 2,287 2,329 
5 10,412 52,703 6,790 78,210 42,701 5,260 7,255 1,672 39,204 26,368 10,358 1,141 3,268 3,413 1,843 2,914 
6 9,613 52,103 6,692 76,174 40,339 3,362 4,718 1,057 39,000 26,333 10,259 854 2,552 2,429 1,504 3,351 
7 9,123 52,021 6,909 75,726 38,979 2,236 3,078 686 38,916 26,293 10,195 650 1,935 1,775 1,245 3,614 
8 8,812 52,109 7,243 76,138 38,200 1,533 2,029 458 38,876 26,266 10,154 505 1,427 1,321 1,047 3,710 
9 8,608 52,206 7,579 76,860 37,752 1,078 1,365 316 38,854 26,252 10,127 400 1,025 997 892 3,661 



10 8,466 52,257 7,865 77,582 37,492 777 947 224 38,839 26,246 10,110 323 720 761 771 3,492 
11 8,361 52,257 8,090 78,177 37,339 575 683 164 38,828 26,246 10,099 264 497 588 673 3,230 
12 8,280 52,216 8,261 78,622 37,246 438 515 123 38,819 26,250 10,091 219 338 460 594 2,902 
13 8,214 52,149 8,392 78,936 37,188 344 406 94 38,810 26,255 10,087 184 228 364 528 2,535 
14 8,159 52,070 8,495 79,153 37,150 279 333 74 38,803 26,262 10,083 157 153 291 473 2,155 
15 8,112 51,987 8,582 79,304 37,124 234 284 59 38,795 26,268 10,081 135 103 235 426 1,786 
16 8,311 52,049 8,600 78,930 36,901 197 246 49 38,869 26,020 10,057 111 69 195 519 1,411 
17 8,275 52,001 8,639 78,805 36,870 172 219 41 38,881 25,981 10,056 103 47 161 555 1,111 
18 8,247 51,933 8,684 78,716 36,853 153 198 35 38,879 25,969 10,055 99 33 133 567 861 
19 9,474 52,392 8,365 74,251 34,919 117 167 22 38,662 24,373 9,984 106 23 135 575 619 
20 9,418 52,377 8,257 72,674 34,738 102 145 15 38,662 24,158 10,000 106 16 119 565 457 
21 9,385 52,272 8,215 71,569 34,678 91 128 10 38,662 24,089 10,005 103 12 102 548 341 
22 9,362 52,147 8,196 70,782 34,653 83 116 8 38,660 24,066 10,006 98 9 87 526 258 
23 9,346 52,024 8,190 70,235 34,638 76 105 6 38,657 24,059 10,006 91 8 75 502 200 
24 9,334 51,908 8,191 69,862 34,627 69 97 5 38,654 24,057 10,006 84 6 64 478 158 
25 9,324 51,799 8,199 69,613 34,619 64 90 4 38,650 24,058 10,006 77 5 56 453 128 
26 9,317 51,698 8,211 69,448 34,612 59 84 3 38,647 24,059 10,006 70 4 50 429 106 
27 9,571 51,010 8,308 68,922 34,337 55 79 2 37,870 24,281 9,917 65 5 46 406 87 
28 9,563 50,756 8,373 68,816 34,289 51 74 2 37,778 24,357 9,924 59 5 42 384 73 
29 9,560 50,578 8,431 68,803 34,272 47 70 2 37,757 24,391 9,929 53 5 39 362 63 
30 9,558 50,439 8,481 68,828 34,263 44 66 1 37,750 24,408 9,932 48 5 37 342 55 
31 9,956 50,446 8,468 68,609 34,130 41 63 1 37,821 24,207 9,903 47 5 35 319 49 
32 9,950 50,364 8,478 68,526 34,111 38 59 1 37,837 24,168 9,903 45 5 34 299 44 
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The compliance of the optimized remedial wellfield with these targets is discussed below. 



Containment of CZ and Overall Contaminant Distribution 



Chlorobenzene 
The optimized wellfield captures 100 percent of the chlorobenzene CZ, the overall 
chlorobenzene plume, and the area of TCE beneath the high-concentration sources at the 
PACCAR and APC properties.  Figure 4-2A shows particle-tracking results illustrating 
hydraulic capture of these areas using the initial optimized wellfield.  Figures 4-2B through 
4-2E indicate that successful capture of the CZ and the overall distribution is maintained as 
the plume reduction progresses and wells that achieve target shutdown levels are 
deactivated.   



Benzene 
As discussed above, the benzene containment was evaluated using solute transport 
simulations because the transport of benzene is significantly impacted by the process of 
natural biodegradation.  The results of the benzene solute transport simulations are 
discussed in Section 4.2.2.4.  A three-dimensional animation of benzene plume behavior is 
presented in Appendix E. 



Plume Reduction   
The optimized wellfield achieves chlorobenzene plume-reduction targets at 10, 25, and 
50 years in both the MBFC and Gage aquifers (Figures 4-3, and 4-4A through 4-4C).  The 
optimized wellfield reduces the chlorobenzene plume in both aquifers faster than required 
by the minimum plume reduction standard, which is 50 years.  As shown in these figures, 
the target of 99 percent plume reduction is achieved after 32 years versus 50 years.  A three-
dimensional animation of chlorobenzene plume reduction is presented in Appendix E. 



Pore-Volume Flushing  
The optimized wellfield achieves the pore-volume flushing ROD requirement throughout 
most of the MBFC and Gage plumes (Figures 4-5A and 4-5B).  The exception to this is 
several very small areas (few model cells) with a lower flushing rate (i.e., stagnation areas), 
which occur between extraction wells.  As shown in Figures 4-5A and 4-5B, only two model 
cells in the MBFC, and six model cells in the Gage aquifer did not meet the pore-volume 
flushing rate remediation targets.  These areas of lower flushing rates comprise less than 
one-half of 1 percent of the total plume area.   



Adverse Migration 



NAPL 
As discussed in Section 4.1, the remediation target for minimum increase in vertical 
gradients beneath NAPL areas was included in the optimization process to limit the adverse 
migration of NAPL in response to pumping.  However, some increase in vertical gradients 
in NAPL areas could not be avoided in order to meet the remediation targets of plume 
reduction and containment.  In the DNAPL source area, downward head differences 
increased by about 0.1 foot (from 0.2 to 0.3 foot) compared to the ambient (before remedial 
pumping) head difference between the water table and the MBFC aquifers.  This increase is 
relatively small, but may still have some limited impact on the vertical migration of 
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DNAPL.  In the LNAPL source area, downward head differences increased by about 0.3 foot 
(from 1.8 to 2.1 feet) from the ambient head difference between the water table and the 
MBFC aquifers (see Figure 4-6).  This small change in vertical head differences is not 
expected to have a significant impact on LNAPL trapped below the water table.   



The ambient downward head differences between the MBFC and Gage aquifers ranged 
from 0.5 to 1.7 feet in the DNAPL and LNAPL source areas.  These downward gradients 
were entirely reversed through the optimized extraction and injection configuration, 
resulting in upward head differences.  A well-pronounced groundwater mound created by 
injection in the Gage aquifer is shown in Figures 4-7A and 4-7B.  This change in vertical flow 
direction will tend to prevent any further downward migration in the LNAPL source areas 
from the MBFC into the Gage aquifer.   



Dissolved Contamination 
The optimized wellfield performs reasonably well at limiting adverse migration of dissolved 
contaminants.  However, some gradient increases were observed within the dissolved 
contaminant distributions.  In addition, activating the remedial system causes gradient 
directions to change in some areas, and portions of the plume reorient to match the new 
flow directions.   



Modeling results indicate that operation of the remedial wellfield may cause some adverse 
migration of dissolved benzene.  Figure 4-7A shows the distribution of benzene after 1 year 
of the remedial wellfield operations in the water table, MBFC, and Gage aquifers.  This 
figure indicates that the benzene plume appears to be reasonably contained by natural 
biodegradation in the water table aquifer, where benzene occurs at the highest 
concentrations and has the largest extent.  The modeling results indicate, however, that 
some slight increase in the benzene distribution may occur outside the CZ in the MBFC, 
near the southern boundary of the Del Amo site near the waste pits.  This slight increase is 
attributed to the fact that the start of the remedial pumping temporarily disturbs the relative 
equilibrium of the benzene plume maintained by natural biodegradation and causes the 
plume to reorient.  However, based on modeling, the reoriented benzene plume reaches a 
new equilibrium within a few years and does not advance from the reoriented position 
(Figure 4-7B).   



The simulated increase in the area impacted by benzene also can be attributed in part to the 
numerical dispersion.  The impacts of numerical dispersion on the solute transport 
simulations of the benzene plume were demonstrated during the grid refinement analysis 
(CH2M HILL, 2006b).  In addition, as discussed in Section 2.8.1, the concentrations of 
simulated benzene sources in the MBFC, near the waste pit source area, could be 
overestimated because the 2008 sampling data for MBFC wells located in this area were 
much lower than historical data used to establish the source terms in the model.  Based on 
the above, the slight increase in the area impacted by benzene does not appear to warrant 
active hydraulic containment at this time.  The performance monitoring program will be 
designed, however, to monitor benzene migration outside the CZ during the remedy 
implementation, and the need for active containment will be reassessed based on the results 
of this monitoring. 
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Figure 4-7A also shows that areas impacted by low-concentration benzene in the MBFC 
within the chlorobenzene plume, and in the Gage aquifer, also increase after 1 year of 
remedial pumping.  However, both of these areas are contained by the remedial wells and 
will be remediated within the same timeframe as the chlorobenzene plume.  Figure 4-7B 
shows that benzene in these areas is mostly remediated after 32 years of remedial 
operations.  
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FIGURE 4-2D
SIMULATED CAPTURE 
AFTER G-EW-3 SHUTDOWN
(26 - 30 YEARS)
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-2E
SIMULATED CAPTURE 
AFTER G-EW-2 SHUTDOWN
(30 - 32 YEARS)
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-3



SIMULATED CHLOROBENZENE PLUME REDUCTION 



OUTSIDE THE CONTAINMENT ZONE
MODEL DEVELOPMENT AND REMEDIAL WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-4A
SIMULATED CHLOROBENZENE 
PLUME REDUCTION, 10 YEARS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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Note:  Flow rates are in gallons per minute (gpm)
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FIGURE 4-4B
SIMULATED CHLOROBENZENE 
PLUME REDUCTION, 25 YEARS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



Water Table MBFC Aquifer



Gage Aquifer



0 1,800 3,600



Feet



Simulated Isoconcentration (μg/L)
70 - 100



100 - 1,000



1,000 - 10,000



10,000- 100,000



>100,000



Containment Zone Boundary



Simulated water-level contours (ft-msl)



Extraction Wells



Injection Wells



Note:  Flow rates are in gallons per minute (gpm)











\\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\SIMULATED_CHLOROBENZENE_PLUME_REDUCTION_32_YEARS_11X17.MXD
 FIG4-4C_SIMULATED_CHLOROBENZENE_PLUME_REDUCTION_32_YEARS_11X17.PDF 5/23/2008 15:30:41



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



Av
e



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 Railro



ad



Kenwood Drain



Torrance Lateral



-13



-10



-12



-10



-16
-15



-12



-14



-13



-11



-17



10



-17



-18



-13



-18



-19



-18



-14



-20



MBFB-EW-1
4



UBA-EW-B
12



UBA-EW-A
6



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 R



ailro
ad



Kenwood Drain



Torrance Lateral



-10



-16



-15



-14



-13



-12



-17



-11



-17



-12 -18



-1
8



-13



-18



-19



-14



-1
0



-11



-19



-14



BF-IW-E
42.7



BF-IW-2
30.1



BF-IW-1
30.1



BF-EW-TCE
12



BF-EW-N
35



BF-EW-M
35



BF-EW-B
75.6



BF-EW-2
79.9



BF-EW-1
35



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 R



ailro
ad



Kenwood Drain



Torrance Lateral



-17



-16



-13



-15



-14



-1
2



-1
9



-18



-1
1



-20



2



-12



-18
-19



-11



-10



-11



-17



-20



-13



-9



-10



-20



-21



-10



-18



-8



-21,-22



1



-19



-22,-23,-24



-7



-9,-8,-7



G-IW-D
94.5



G-IW-2
94.5



G-IW-1
235.3



G-EW-TCE
17



G-EW-O
56.8



G-EW-B
67.6G-EW-1



120



FIGURE 4-4C
SIMULATED CHLOROBENZENE 
PLUME REDUCTION, 32 YEARS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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Note:  Flow rates are in gallons per minute (gpm)
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5. Wellfield Failure Analysis 



This section discusses the methodology and results of failure analysis of the optimized 
remedial wellfield.  As discussed in Section 3.1, groundwater flow and transport models are 
generally nonunique, and a similar quality of calibration can be achieved with a number of 
different model parameter combinations.  Consequently, a number of models can be 
developed using PEST, all of which would be reasonably well-calibrated and based on 
equally viable hydrogeologic parameters for a given physical system.  These calibrated 
models may differ, however, with regard to predictions pertaining to the performance of the 
remedial wellfield.  The objective of the wellfield failure analysis discussed in this section is 
to account for the issues pertaining to the nonuniqueness of the model calibration, and 
assess if some viable calibration solutions may result in failure of the optimized remedial 
wellfield.  The results of this analysis will be used for the development of the MACP to 
ensure that adequate monitoring is performed in areas of potential remedy failure.  In the 
case of significant remedy failure under the plausible calibration scenario(s), the 
modifications to the optimized remedial wellfield also may be considered to ensure that the 
remedy is sufficiently robust to achieve ROD standards under a range of plausible 
conditions.   



5.1 Wellfield Failure Analysis Methodology 
As discussed in the Initial Calibration and Data Gap Analysis Report (CH2M HILL, 2005), 
there are several methods that could be used to assess the range of model predictions with 
regard to the performance of the remedial wellfield.  One of the most comprehensive 
methods involves Monte Carlo analysis, in which each calibration parameter is assigned a 
random value, and a set of stochastic fields is generated—each based on what is known 
about the amount of heterogeneity prevailing within an area.  While this full stochastic 
analysis would provide the most comprehensive information and most quantitative 
assessment of the modeling uncertainty, it was determined during previous modeling 
efforts that the MT3DMS code was not stable enough to support the use of this method for 
the complex RD model of the site (CH2M HILL, 2005).  In addition, a stochastic approach 
would result in an unacceptably large increase in computational requirements.  Therefore, 
an alternative method of predictive calibration was selected for the failure analysis to assess 
the predictive uncertainty of the model with regard to the performance of the remedial 
wellfield.  The use of this method greatly reduced the cost and duration of the modeling 
effort.   



Predictive calibration/failure analysis involves the use of “predictive targets” in the 
calibration process in addition to the calibration targets.  The predictive targets for the 
failure analysis were opposites of the remediation targets used in optimization runs.  For 
example, during wellfield optimization, a hydraulic containment target would be set so that 
zero particles escaping containment counted as success during adjustment of pumping 
rates.  During failure analysis, remedial pumping rates would be held constant, and the 
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containment target would be set so that aquifer properties would be adjusted to permit 
some percentage of particles to escape containment. 



In the process of the failure analysis, the model runs were performed using PEST in both 
calibration and predictive modes.  PEST was provided with an objective function, which 
was the sum of squared residuals of both the calibration and predictive failure targets.  This 
process was designed to identify (if possible) a viable combination of model parameters that 
calibrates the model just as well as the baseline calibration, but causes the optimized 
remedial wellfield to fail in achieving one or more of the ROD requirements.  The objective 
of these simulations was to obtain the maximum range of possible plausible predictions of 
the calibrated model(s) with regard to the performance of the remedial wellfield (i.e., assess 
the predictive uncertainty of the model).   



During this failure analysis, the optimized remedial wellfield was tested with regard to 
achieving the following remediation targets: 



• Capture of the overall chlorobenzene distribution and CZ in the MBFC 
• Capture of the overall chlorobenzene distribution and CZ in the Gage aquifer 
• Chlorobenzene plume reduction in the MBFC 
• Chlorobenzene plume reduction in the Gage aquifer 
• Limiting adverse migration of benzene in the MBFC aquifer 



These targets were selected because they were considered to be the most critical for the 
success of the remedy.  If the predictive calibration runs were not able to identify a viable 
combination of model parameters (which would calibrate the model and cause failure of the 
optimized remedial wellfield to achieve the remediation targets), the optimized wellfield 
would be considered sufficiently robust to perform adequately under a range of plausible 
conditions.  However, if one or more calibrated models developed during the failure 
analysis result in the remedial wellfield failure to meet these targets, then further 
modification of the remedial wellfield and/or additional performance monitoring of the 
potential failure areas would be required to address this issue.    



5.2 Failure Analysis Results  
This section presents the results of failure analysis for each of the selected remediation 
targets.   



5.2.1 Capture of the Overall Chlorobenzene Distribution and CZ Targets 
A failure analysis was performed for hydraulic capture of the chlorobenzene plume outside 
the CZ in the MBFC.  In an attempt to verify if a failure of containment is plausible, a 
predictive calibration target was added to the model to cause 10 percent of the plume to 
escape the capture of the optimized remedial wellfield.  The failure analysis runs indicated 
that it is impossible to identify a viable combination of model parameters that would result 
in both (1) a well-calibrated model, and (2) the breach of capture in the MBFC by the 
optimized remedial wellfield.  While the size of the capture zone was slightly reduced 
during failure analysis compared to that under baseline calibration, the entire plume 
remained adequately contained (Figure 5-1A).  This result demonstrated that the optimized 
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remedial wellfield is sufficiently robust with regard to capture of the chlorobenzene plume 
in the MBFC. 



A similar failure analysis was performed for hydraulic containment of the chlorobenzene 
plume in the Gage aquifer.  This failure analysis also indicated that a set of viable model 
parameters that can both calibrate the model and cause chlorobenzene plume capture in the 
Gage aquifer to fail does not exist (Figure 5-1B).  Consequently, the optimized remedial 
wellfield is equally robust with regard to capture of the chlorobenzene plume in the Gage 
aquifer. 



Based on the above results, the uncertainty of model predictions with regard to plume 
capture is relatively small.  This can be explained by the fact that the accuracy of modeling 
predictions with regard to capture depends primarily on the quality of the flow calibration.  
The flow calibration of the RD model is considered to be exceptional, because it is based on 
a large data set of aquifer response data from multiple pilot tests covering a large portion of 
the modeling domain.  The number of combinations of viable hydraulic properties that 
could calibrate the model to the pilot test results is very limited compared to other 
groundwater models calibrated only to static water levels, which is common practice.  
Consequently, the failure analysis could not identify an alternative set of hydraulic 
parameters that could calibrate the model to the pilot test data and cause the containment of 
the plume to fail.  For example, the failure analysis run for the Gage plume capture was 
required to maintain calibration to pilot test data including data for well G-EW-2, which is 
located in the vicinity of the downgradient edge of the chlorobenzene plume (Figure 5-1B).  
However, it was determined to be essentially impossible to maintain calibration to the 
G-EW-2 drawdowns and substantially change hydraulic properties of the model from those 
identified during the baseline calibration.  Because the baseline calibration parameters and 
remedial wellfield flow rates result in capture of a greater area than the plume in the Gage 
aquifer, failure analysis does not change this result.   



Particle-tracking results from the wellfield optimization also were examined to identify how 
far the capture zone of CZ wells extended into the MBFC and Gage aquifers (Figures 5-1A 
and 5-1B).  In both the MBFC and Gage aquifers, the simulated capture zone extended 300 to 
400 feet beyond the CZ.  Pilot tests were conducted at wells BF-EW-1 and G-EW-1 within 
the CZ.  Any formal failure analysis addressing containment of the CZ would be required to 
maintain calibration to pilot test data from these wells.  Based on PEST’s inability to reduce 
the capture zone for the overall chlorobenzene distribution in both the MBFC and Gage 
aquifers, it was concluded that similar results could be expected for CZ containment.  
Consequently, the wellfield performance with regard to capture of the CZ was considered 
sufficiently robust.   



5.2.2 Plume Reduction Targets 
A failure analysis also was performed to assess the reliability of chlorobenzene plume 
reduction by the optimized remedial wellfield in both the MBFC and Gage aquifers.  For the 
MBFC failure analysis run, a predictive failure target was added to cause plume reduction 
at 10 years to fail by 10 percent (i.e., for the plume to be reduced by 23 percent, instead of 
the 33 percent required by the ROD).  This attempt to cause a failure of the plume reduction 
target in the MBFC was unsuccessful, although the rate of plume reduction was somewhat 
slower for the failure run compared to that estimated for the baseline calibration 
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(Figure 5-2).  In the baseline calibration, the MBFC plume is reduced by 99 percent after 
32 years; but in the failure analysis run, the 99 percent plume reduction was achieved after 
40 years, which is still within the 50 years required by the ROD.  The only scenario in which 
the optimized wellfield did not achieve 99 percent plume reduction in the MBFC in 50 years 
had unrealistic transport parameters such as a porosity of 47 percent.  This value of porosity 
disagrees with the site conceptual model and laboratory analysis of samples at the site.  
Based on the above, the performance of the optimized remedial wellfield with regard to 
plume reduction in the MBFC is considered to be reliable and robust under the range of 
plausible conditions.   



A similar failure analysis was performed to assess the reliability of the chlorobenzene plume 
reduction in the Gage aquifer (Figure 5-2).  Similar to the MBFC plume reduction failure 
analysis, a predictive failure target was added to the model to cause plume reduction at 
10 years to fail by 10 percent (i.e., for the plume to be reduced by 23 percent, instead of the 
33 percent required by the ROD).  This attempt to cause failure of the plume reduction 
target in the Gage aquifer also was unsuccessful, although the overall rate of plume 
reduction was somewhat slower for this failure analysis run compared to that for the 
baseline calibration.  In the baseline calibration, the Gage plume is reduced by 100 percent 
after 32 years.  In the failure analysis run, the cleanup time was increased to over 45 years, 
which is still within the 50 years required by the ROD.  Other attempts to achieve failure of 
plume reduction targets in the Gage aquifer indicated that it is only possible by degrading 
the quality of the chlorobenzene calibration in the Gage aquifer to an unacceptable level.  
Based on the above, the performance of the optimized remedial wellfield with regard to 
plume reduction in the Gage aquifer is considered to be reliable and robust under the range 
of plausible conditions. 



However, it is important to note that the uncertainty associated with the modeling 
simulations of the solute transport, including plume reduction times, is generally higher 
than that associated with the plume containment simulations.  As discussed in the Initial 
Calibration and Data Gap Analysis Report (CH2M HILL, 2005), Kd appears to have the 
highest contribution to the predictive uncertainty of the model with respect to the clean up 
times in both the MBFC and Gage Aquifer.  However, because of the significant variability 
of Kd in the natural systems, and because the field experiments required to quantify this 
parameter are complicated, costly, time-consuming, and ordinarily ineffective, uncertainty 
associated with Kd could not be appreciably reduced during the data acquisition efforts.  In 
addition, the phenomenon of “slow desorption or irreversible sorption, ”2 which may have 
a significant impact on the actual cleanup times, could not be accounted for in the model, 
because of the limitations of the MT3DMS code, which does not allow for this level of 
complexity in representation of dissolved/sorbed contaminant interaction.  As the result of 
this process, the actual clean up times may be longer than those estimated by the model. 



   



                                                      
2 Recent research on the ability of chemical compounds to completely desorb from a solid indicates that solid-phase 
contaminant concentrations can exceed the concentration predicted based on the aqueous-phase contaminant concentration 
and distribution coefficient (Fu et al. 1994; Kan et al., 1997; Pignatello and Xing, 1995). This phenomenon could be explained 
as slow desorption or irreversible sorption. It is reported that this situation generally happens in materials that have been in 
contact with contaminants for long time periods and have low solid-phase contaminant concentrations, which normally are less 
than 20 milligrams per kilogram (Bedient et al., 1999). 
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5.2.3 Limiting Adverse Migration of Benzene Targets 
A failure analysis was performed to assess the uncertainty of modeling predictions with 
regard to adverse migration of benzene in the MBFC aquifer.  The objective of this run was 
to determine whether a greater amount of adverse migration of benzene outside the CZ 
(compared to that simulated using the baseline calibration) could occur under a different set 
of viable model parameters.  A predictive failure target was added to the model to induce 
benzene migration from the CZ.  The model was then recalibrated with a different set of 
model parameters required to achieve this increase in benzene migration.  While the failure 
run was able to increase the amount of adverse benzene migration in the MBFC, this 
increase was not significant compared to that produced using the baseline calibration 
(Figure 5-3).   



The simulated increase in the benzene distribution was most notable near the southern 
boundary of the Del Amo site, downgradient of the waste pits, where benzene migrated 
outside the CZ.  The mechanism for this adverse migration of benzene was likely similar to 
that observed under the baseline calibration conditions.  The start of remedial pumping 
temporarily disturbed the relative equilibrium of the benzene plume maintained by natural 
biodegradation and caused the plume to reorient.  However, the reoriented benzene plume 
reached a new equilibrium within several years and did not advance from the reoriented 
position.   



Similar to the results produced using the baseline model, the benzene migration in the 
failure run is likely attributed in part to numerical dispersion.  In addition, as discussed 
above, the modeled benzene sources in the MBFC near the waste pit source area may be 
somewhat overestimated based on the most recent sampling results (see Section 2.8.1).  
Based on these results, the slight increase in benzene migration achieved during this failure 
analysis does not appear to warrant additional active containment at this time.  However, 
the performance monitoring program should be designed to address the uncertainty 
associated with the potential benzene migration in this area.  
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6. Conclusions and Recommendations 



Presented below are the conclusions and recommendations developed based on the results 
of these modeling activities: 



1. Numerical RD Model of the Site.  The comprehensive RD model of the Dual Site was 
developed during these modeling activities.  The model was based on the extensive 
body of information collected during the RI/FS and RD investigations.  It was calibrated 
to numerous water level data, pilot test drawdown/drawup data, and solute transport 
data for three different contaminants including chlorobenzene, benzene, and p-CBSA.  
The model was reviewed and approved by EPA, Montrose, Shell, and other stakeholders 
as an appropriate tool for the initial optimization of the remedial wellfield and for the 
future evaluation of the performance of the remedial wellfield in the process of remedial 
actions.  It is recommended, however, that the RD model be revised for the continued 
support of the remedial actions based on the new operational data that will be obtained 
after the system startup.  It is expected that the initial hydraulic data obtained after the 
remedial system startup will be very important for the verification of the current 
modeling assumptions and further improvement of the RD model.   



2. Optimized Remedial Wellfield.  Modeling results indicated that the optimized 
remedial wellfield achieves and exceeds the ROD requirements and complies with the 
design constraints.  Based on the RD model, the optimized remedial wellfield also is 
sufficiently robust and capable of achieving the ROD requirements under a range of 
plausible conditions. 



However, please note that the specifications for the optimized remedial wellfield 
discussed in this report were developed based on the currently available information, 
and as new information is obtained—especially field operational data during remedy 
implementation—the wellfield may need to be reoptimized and adjusted to ensure 
compliance with ROD requirements.  In addition, certain physical processes such as the 
process of slow desorption, which may have a significant impact on the actual cleanup 
times, could not be accounted for in the model because of the limitations of the available 
solute transport programs.  



3. TCE Containment.  The level of uncertainty associated with the performance of the 
remedial wellfield with regard to capture of the TCE plume is higher than that for 
chlorobenzene and benzene.  This is because the TCE plume is not sufficiently 
characterized compared to the chlorobenzene and benzene plumes.  Based on the above, 
additional data may need to be collected as part of the formal design and/or remedial 
construction of the TCE remedial system.   



4. Adverse Migration of Benzene.  Modeling results indicated that operation of the 
remedial wellfield may cause some adverse migration of dissolved benzene, which will 
result from reorientation of benzene distribution to the west.  However, the reoriented 
benzene plume will likely reach a new equilibrium within a few years because of the 
natural biodegradation of benzene and will not likely migrate from the original 
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reoriented position.  The modeled increase in the benzene distribution also may be 
attributed in part to the numerical dispersion, and in part to the potential overestimate 
of the strength of modeled benzene sources in the MBFC near the waste pit source area.  
Based on the above, active containment of benzene in the MBFC is not warranted at this 
time.  The performance monitoring program should be designed, however, to monitor 
benzene migration outside the CZ during the remedy implementation, and the need for 
active containment should be reassessed based on the results of this monitoring.   



5. CZ Containment.  As required by the ROD, the CZ containment wells will operate 
indefinitely or until the sources of contamination are removed and the groundwater 
within the CZ is remediated.  The flow rates of the CZ containment wells should be 
adjusted after the cleanup of the dissolved plumes is completed and the wells outside 
the CZ are shut down.   



6. Target Shutdown Levels.  The optimization simulations of the remedial wellfield 
indicated that the target shutdown level for contaminant concentrations, at which 
extraction wells can be turned off, should be lower than the ISGS level for chlorobenzene 
of 70 µg/L.  This is because the need for downgradient containment is not eliminated 
when the contaminant concentration in a plume-reduction well reaches the ISGS level.  
Based on the modeling optimization runs, using a target shutdown level of 10 to 
15 µg/L of chlorobenzene is more appropriate than the ISGS level, because it does not 
result in the contaminant plume escaping downgradient containment.  The target 
shutdown levels for the remedial wells should be further assessed during the 
development of the MACP. 



7. Pumping Redistribution.  The optimization simulations also indicated that 
(1) additional pumping should not be redistributed to the CZ containment wells (unless 
monitoring during remedy implementation demonstrates the lack of capture) as it may 
induce horizontal and/or vertical gradients in the DNAPL source area; (2) flow 
redistribution should be performed in a manner that does not result in creating 
interference (i.e., competition for capture) between the CZ containment wells and the 
wells located downgradient of the CZ; (3) the amount of injection into the Gage aquifer 
should exceed injection into the MBFC through the duration of the remedial actions 
because it helps to mitigate the adverse vertical migration of DNAPL and dissolved 
contaminants into the Gage aquifer; and (4) injection rates should be maintained at Gage 
injection wells (G-IW-2 and G-IW-D) located at the Del Amo site to prevent vertical 
migration of TCE and benzene from the CZ in the MBFC into the Gage aquifer, and 
these wells should be considered as the CZ containment wells.   
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From: Wetmore, Cynthia [mailto:Wetmore.Cynthia@epa.gov] 
Sent: Monday, February 23, 2015 10:28 AM
To: James Wells
Subject: RE: Montrose GW System
 
Hi Jim,
 
It is a good question - and a somewhat complicated response.  Actually, the problem
 with pCBSA adsorption on GAC is that pCBSA is highly soluble and does not want to
 sorb onto GAC particles.  So it passes right by the "sorb sites", so even when there is
 breakthrough for pCBSA, the GAC still has lots of available "sorb sites" for other
 chemicals that are not as water soluble.
 
I recall a study a long time ago on GAC adsorption for multiple chemicals, where one of
 the chemicals was water soluble similar to pCBSA.  The study concluded that the
 water soluble chemical had adsorbed just near the inlet of the GAC and passed
 through the other sections.  I don’t recall the theory.  In general, some COCs are
 adsorbed more preferentially than others. Anyway, also the GAC in this treatment
 train is not the real workhorse for removing the COCs – the HiPox/air stripper is
 designed to lower the COC concentrations to injection standards. The GAC system
 serves as a polishing step for some COCs that are not fully removed by the upstream
 processes.
 
We did conduct a GAC test for Montrose groundwater a few years ago.  (I have
 attached the output graph).  I don’t know if we calculated a Koc.  I was not involved in
 the project at the time, but it was my understanding based on the GAC test, that EPA
 determined that it wasn’t a reliable technology, so I doubt we calculated a Koc or did
 any further analysis. 
 
Feel free to give me a call, Cynthia
 
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105



mailto:Wetmore.Cynthia@epa.gov





(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Friday, February 20, 2015 3:54 PM
To: Wetmore, Cynthia
Subject: Montrose GW System
 
Hi Cynthia,
Can you help me with what’s probably a dumb question about operation of the full
 scale system?
I understand that pCBSA is expected to break-through the liquid GAC fairly quickly
 (thus LGAC is not expected to reduce pCBSA concentration in reinjection water).
 Breakthrough occurs when all the sorption sites are filled with pCBSA, so wouldn’t
 there be breakthrough for pesticides and benzene and TCE and other stuff too since
 all the sites in the GAC are occupied by pCBSA? Or are the sorptive characteristics of
 the other organics so different that they can still be removed even if pCBSA is
 breaking through? On a related note: what do we know about pCBSA sorption?
 Have you folks generated a Koc for this compound?
Thanks,
Jim W
 
James T. Wells, PhD, PG
L. Everett & Associates, LLC
3700 State Street, Suite 350
Santa Barbara, CA 93105
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net
 



mailto:JWells@everettassociates.net

http://www.everettassociates.net/






From: Wetmore, Cynthia
To: James Wells
Subject: RE: Montrose GW System
Date: Wednesday, February 25, 2015 2:26:00 PM
Attachments: DualSite_Model-Dev_Rem-Opt_BS2729.pdf


image003.png
image001.png


Hi Jim,  Try this one.  I asked Ch2MHill to suggest a few, so I’ll send more.  I wasn’t around when it
 was developed, and I remember it taking me a while to get my mind around it.
 
-Cynthia W
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105
(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Wednesday, February 25, 2015 1:51 PM
To: Wetmore, Cynthia
Subject: RE: Montrose GW System
 
One more thing:
Can you direct me to the best report (or reports) that discuss the groundwater modeling
 that was done to support design decisions for the gw system?
Having come into this project with a focus on vapor intrusion, I’m not up to speed on all the
 literature.
Thanks,
Jim W
James T. Wells, PhD, PG
L. Everett & Associates, LLC
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net
 


From: Wetmore, Cynthia [mailto:Wetmore.Cynthia@epa.gov] 
Sent: Monday, February 23, 2015 10:28 AM
To: James Wells
Subject: RE: Montrose GW System
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1. Introduction 



This report discusses the development and calibration of the remedial design (RD) model 
and optimization of the remedial wellfield for the Dual Site Groundwater Operable Unit RD 
for the Montrose Chemical and Del Amo Superfund Sites (Dual Site), located in Los Angeles 
County California (Figure 1-1).  The results of the modeling activities discussed in this 
report were used to develop the Overall Operational Design (OOD), which includes a set of 
design specifications for the initial remedial wellfield.  The OOD is presented in a separate 
report (CH2M HILL, 2008).   



1.1 Objectives of Model Development and Remedial Wellfield  
Optimization 



The Record of Decision (ROD) for the Dual Site Groundwater Operable Unit issued by the 
United States Environmental Protection Agency (EPA) on March 30, 1999 (ROD) selected a 
remedy for the dissolved-phase contamination at the site, and mandated that the RD model 
be used for the development and optimization of the remedial wellfield.  The ROD also 
required that the remedial wellfield meet a number of design requirements and objectives.  
The detailed requirements of the ROD appear primarily in ROD Section 13 (EPA, 1999).  
Some of the most critical ROD requirements pertaining to the development of the remedial 
wellfield include the following: 



• A total pumping rate for the remedial wellfield that is not less than 700 gallons per 
minute (gpm); 



• Indefinite containment of all contaminants presently within a zone that the ROD refers 
to as the containment zone (CZ); 



• Containment of the overall distribution of Dual Site contaminants; 



• Reduction of the volume of water with concentrations of contaminants above drinking 
water standards to zero, progress toward which is required within certain timeframes; 



• Achieving certain pore-volume flushing rates within the contaminant distributions; 



• The limiting of adverse migration of significant contaminants, either as concentrations in 
the dissolved phase, or nonaqueous phase liquid (NAPL), especially to hydrostratigraphic 
layers lying below the present contamination; to this end, wells and pumping are 
required to reverse or otherwise control downward gradients; and 
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• The redistribution of groundwater extraction as the contaminant plume shrinks,1 from 
clean areas to remaining contaminated areas, to expedite overall cleanup and make it 
more efficient.   



The primary general objective of the modeling activities was to meet the requirements of the 
ROD with regard to the development and optimization of the remedial wellfield.  The 
specific objectives included the following:  



• Development and calibration of the numerical RD model, which is accepted by EPA, 
Shell Oil Company (Shell), Montrose Chemical Corporation of California (Montrose), 
and other stakeholders as an appropriate tool for the optimization of the remedial 
wellfield;  



• Development and optimization of the remedial wellfield; 



• Failure analysis of the remedial wellfield to ensure that it can meet ROD requirements 
with a sufficient degree of certainty, and in a manner sufficiently robust to succeed even 
if actual site conditions differ from those assumed or change in the future; and 



• Development of the OOD that meets all ROD requirements.   



1.2 Project Background and Overview 
The original numerical model of the Dual Site was developed as part of the Joint 
Groundwater Feasibility Study (JGWFS) to compare remedial alternatives.  The JGWFS 
model was developed by Montrose, and by Shell Chemical Company (Shell), who are the 
potentially responsible parties and are conducting the remedial design under EPA order.  
The JGWFS model is discussed in detail in the Final JGWFS for the Montrose and Del Amo 
Sites, Appendix B (CH2M HILL, 1998).  The JGWFS model was revised as part of the initial 
calibration and data gap analysis, which were performed during RD to quantify the 
predictive uncertainty of the model, and to identify data types that could have the greatest 
effect in reducing this uncertainty (i.e., identify data gaps).  The results of this analysis are 
discussed in detail in the Initial Calibration and Data Gap Analysis Report (CH2M HILL, 
2005).  Extensive additional data acquisition activities were performed by Montrose and 
Shell during RD to address the data gaps identified by modeling and also to provide 
additional data required by the ROD.   



The RD model described in this report was constructed and calibrated based on the most 
complete and comprehensive data set available at this time, including data collected during 
the remedial investigation/feasibility study (RI/FS) and RD phases by Shell, Montrose, and 
other parties.  These data include hydrostratigraphic information from numerous soil 
borings, contaminant concentration and water level measurements collected over a period 
of 1985 through 2006, and the results of extensive pilot-scale extraction and injection testing.   



                                                      
1 Redistribution means shutting down a well(s) on the downgradient end of a shrinking plume once the well is in clean 
groundwater.  Further, the pumping rate would be increased in other active well(s) upgradient within the remaining plume by an 
amount required to expedite overall cleanup, make cleanup more efficient, and meet the requirements of the ROD.  The same 
effect could be achieved by distributing the pumping to a newly installed well(s). 
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Model calibration and optimization of the remedial wellfield were performed using the 
parameter estimation software package PEST (Doherty, 2002; Doherty and Johnston, 2003), 
which allowed automatic calibration (versus traditional manual calibration, which is a more 
time-consuming and less-effective process).  In addition, the use of PEST allowed 
cost-effective optimization of the remedial wellfield and failure analysis to ensure that the 
wellfield can perform reasonably well under a range of plausible conditions.   



All modeling activities (including model development, model calibration, and remedial 
wellfield optimization and failure analysis) were conducted with the oversight and regular 
involvement of Montrose and Shell.  All modeling files were provided at the CH2M HILL 
file transfer protocol (FTP) site on the Internet for review on a regular basis.  The results of 
this review were discussed at modeling meetings and/or regular modeling conference calls, 
so that input from Shell, Montrose, EPA, and the Department of Toxic Substances Control 
(DTSC) could be incorporated in a timely manner at every step of the modeling process.  All 
final numerical model files for the model calibration and optimization of the remedial 
wellfield were also provided at the CH2M HILL FTP site.   



1.3 Report Organization 
The report consists of the following sections; figures are provided at the end of each section: 



• Section 1, Introduction—Discusses the objectives of the modeling activities, project 
background and overview, the organization of his report, and the definition of terms 
used in this report. 



• Section 2, Model Development—Discusses the conceptual and numerical model of the 
Dual Site. 



• Section 3, Model Calibration—Discusses calibration methodology and calibration 
results. 



• Section 4, Wellfield Optimization—Discusses the optimization methodology and the 
results of the remedial wellfield optimization.   



• Section 5, Wellfield Failure Analysis—Discusses the methodology and results of the 
remedial wellfield failure analysis.   



• Section 6, Conclusions and Recommendations—Presents conclusion and 
recommendations based on the findings of these modeling activities.   



• Section 7, References—Presents a list of bibliographic references used in this report. 



The following appendixes also are included in this report: 



• Appendix A—Electronic Copy of Baseline Calibrated Model and Optimized Wellfield 
Simulation 



• Appendix B—Electronic Copy of Simulated Pilot Test Hydrographs 



• Appendix C—Modifications to MT3DMS Code 
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• Appendix D—Electronic Copy of Simulated Chlorobenzene, Benzene, and p-CBSA 
Chemographs 



• Appendix E—3D Animations of Optimized Wellfield Performance 



1.4 Definitions of Terms 
This section contains definitions of several important terms used repeatedly in this 
document.  The terms used in this report are consistent with those used in the ROD.  The 
ROD provides requirements, some of which differ by areas defined in the ROD such as the 
chlorobenzene plume, benzene plume, trichloroethene (TCE) plume, and containment zone 
(CZ).  This document assumes a familiarity with these concepts, which are defined in detail 
in the ROD. 



Wellfield configuration – The spatial layout (locations) of extraction and injection wells for 
each hydrostratigraphic unit (HSU) from which extraction and injection are required. 



Remedial wellfield – Wellfield configuration combined with a pumping schedule (for 
example, location, HSU, and specified extraction rates through time for each well). 



Calibration target – A field measurement (for example, a water level or contaminant 
concentration measured at a specific well at a specific time), or an estimate derived from 
field measurements (for example, a water-level difference computed from two water-level 
measurements).  The calibration process attempts to adjust model properties so that 
simulated values match these measurements. 



Remediation target – A numerical representation derived from the ROD remedial objectives 
and standards incorporated as targets into optimization simulations (for example, pump 
rate, plume containment, plume volume reduction, etc.). 



Design constraint – An enforced limit on the RD (for example, feasible locations for wells 
and well-specific production capacities). 



Optimization target – A numerical representation of a design characteristic that is 
preferred, but not required.   



CZ containment well – An extraction or injection well that has, as a primary purpose, the 
maintenance of containment of dissolved-phase contaminants within the CZ, including the 
limiting of vertical adverse migration from shallower to deeper HSUs (for example, 
reversing downward hydraulic gradients through extraction or injection).   



Plume-reduction well – An extraction well that has, as a primary purpose, the reduction of 
the volume of the chlorobenzene plume outside the CZ, within the target timeframes 
specified in the ROD.  
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2. Model Development  



This section discusses the conceptual and numerical model of the Dual Site including code 
selection, model geometry, boundary conditions and recharge, model layers, hydraulic and 
transport properties, and water levels.  It also discusses distribution of contaminant plumes 
including chlorobenzene, benzene, parachlorobenzene sulfonic acid (p-CBSA), and TCE 
used for model calibration and optimization of the remedial wellfield.   



2.1 Code Selection 
The groundwater flow model MODFLOW-2000 (United States Geological Survey [USGS], 
2000), the solute-transport model MT3DMS (Zheng and Wang, 1999), and the particle-
tracking code MODPATH (USGS, 1994) were used for the development of the RD model.  
MODFLOW-2000 and MT3DMS are the updated versions of the numerical flow and 
transport codes that were used for the JGWFS model (i.e., MODFLOW [USGS, 1988] and 
MT3D96 [S.S. Papadopulos & Associates, 1996]).  These codes are widely accepted by the 
regulatory community, and are used extensively by EPA at numerous sites across the 
country, primarily because these codes are in the public domain, are well-documented, and 
have been verified against a number of analytical solutions.   



Model calibration and optimization of the remedial wellfield were performed using the 
parameter estimation software package PEST (Doherty, 2002; Doherty and Johnston, 2003).  
The use of PEST allowed:  



1. Automatic model calibration (versus traditional manual calibration, which is a more 
time-consuming and less-effective process);  



2. Calibration to multiple target types (e.g., hydraulic heads, vertical head differences, pilot 
test data, and concentrations of chlorobenzene, benzene, and p-CBSA);  



3. Numerical uncertainty and data gap analysis, which allowed identification of additional 
contamination in the Gage aquifer;  



4. Development and optimization of the remedial wellfield, which is capable of achieving 
all remedial objectives of the ROD in a cost-effective manner and with a reasonable 
degree of certainty; and finally  



5. Failure analysis of the remedial wellfield in order to assess the impact of modeling 
uncertainties on the wellfield performance.   
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2.2 Model Geometry 
The model domain is a rectangular area roughly centered on the Dual Site and extending 
laterally beyond the site boundary (see Figure 2-1).  As discussed in the ROD, the Dual Site 
consists of:  



1. The former Montrose and Del Amo properties 



2. The areas of groundwater contamination originating from these properties 



3. The areas of groundwater contamination originating from other adjacent sources that 
partially or completely overlap with contamination originating from the former 
Montrose and Del Amo properties and could be impacted by the selected remedial 
actions. 



The model domain extends over an area of approximately 5,400 acres or 8.5 square miles.  It 
is oriented in a northwest to southeast direction, approximately parallel to the predominant 
groundwater flow direction in the principal HSUs.   



The model grid consists of 166 rows, 126 columns, and 13 layers, for a total of 271,908 cells, 
264,620 of which are active in simulations.  Most model cells are 100 feet by 100 feet square, 
with 16 columns of 200-foot by 100-foot cells along the northern edge.  The model grid was 
refined by a factor of two from its original size (mostly 200-foot by 200-foot cells) to reduce 
numerical dispersion during solute transport simulations of the benzene and chlorobenzene 
plumes.  As discussed in Interim Modeling Memorandum No. 16: Grid Refinement Issues 
and Responses to Shell’s April 19, 2006 Letter (CH2M HILL, 2006b), this grid size was 
selected by running the model with several refined grids and identifying a grid spacing that 
could be used without significantly compromising the accuracy of results.  This grid size 
was selected to balance the increase in run time caused by smaller grid spacing with the 
benefit of more accurate modeling predictions due to decreased numerical dispersion.   



Vertically, the model is divided into 13 layers of variable thickness that represent 8 HSUs 
identified to depths of approximately 400 feet beneath the Dual Site (see Table 2-1).  Model 
layers were defined using numerous site-specific hydrostratigraphic data collected during 
the RI and RD investigations, including additional Gage aquifer investigations performed 
based on the results of the data gap analysis to assess the extent of the chlorobenzene 
plume.  The locations of lithologic control data within the model domain are shown in 
Figure 2-2, and a summary of the hydrostratigraphic control data is presented in Table 2-2.   



To ensure sufficient numerical accuracy in model simulations, the Lower Bellflower 
aquitard (LBF) and Gage-Lynwood aquitard (GLA) were subdivided into three model layers 
each; and the Middle Bellflower C-Sand (MBFC) was subdivided into two model layers, 
MBFCl and MBFC2 (layers 4 and 5, respectively).  Because of the limited data for the 
Lynwood aquifer, the bottom model layer (layer 13) representing the Lynwood aquifer was 
assigned a thickness of 50 feet, which is approximately half of the known thickness of the 
Lynwood aquifer.  This layer serves as a vertical (bottom) boundary of the model.  
Figures 2-3A through 2-3H show interpreted elevation contours of the base of each HSU. 
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TABLE 2-1 
Hydrostratigraphic Units and Model Layers 



Hydrostratigraphic Units (HSUs) 



Del Amo Nomenclature and HSU No. Montrose Nomenclature Model Layers 



Upper Bellflower Aquitard (UBF) – 1 1 
MBFB – 2 2 
MBFM – 3 



Upper Bellflower Aquitard (UBA) 



3 
Middle Bellflower 
Aquitard (MBF) 



MBFC – 4 Bellflower Sand 4 and 5 
Lower Bellflower Aquitard (LBF) – 5 Lower Bellflower Aquitard (LBF) 6, 7, 8 
Gage Aquifer – 6 Gage Aquifer 9 
Gage-Lynwood Aquitard (GLA) – 7 Gage-Lynwood Aquitard (GLA) 10, 11, 12 
Lynwood Aquifer – 8 Lynwood Aquifer 13 



 



2.3 Boundary Conditions  
A combination of general-head and no-flow boundaries was used for the numerical model 
of the Dual Site.  General-head boundaries (GHBs) were used to allow hydraulic head to 
vary under different hydraulic stresses during simulations of remedial pumping and 
injection.  For each GHB cell, a reference head was assigned outside the model domain, and 
corresponding values of conductance were derived to reproduce the interpreted water 
levels at the model boundaries.  GHBs in the aquitards were estimated from measured 
water-level elevations in the overlying and underlying aquifers, and were based on the 
assumption of steady flow conditions (see Section 2.4).  Specifically, four to seven points 
were defined along the model boundaries based on the 2006 baseline water-level contours 
extrapolated to the edges of the model domain.  The number and locations of these points 
depended on the availability of water-level data in the vicinity of the model boundaries in 
each HSU.  GHBs between these points were derived by interpolation of water levels 
between these points.   



In addition, a small number of no-flow or zero-flux cells were used in certain boundary 
segments of the Upper Bellflower aquitard (UBF) and the Middle Bellflower Mud (MBFM) 
where these units are unsaturated (Section 2 of the JGWFS, CH2M HILL, 1998).  The 
Dominguez Channel was simulated using the river package in MODFLOW (USGS, 1988).  
Model boundary conditions are shown in Figure 2-1. 



In the transport model, the GHBs were treated as source/sink terms with the concentration 
at the reference location prescribed at zero.  Cells with constant concentrations were used to 
simulate the NAPL sources and other areas with persisting detected contaminant 
concentrations in groundwater.  The source concentrations were estimated from 2006 
baseline concentration data.  The development of the source terms is discussed further in 
Section 2.8 of this report. 
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Boundary conditions were adjusted to match measured water-level elevations and 
contaminant concentrations during the calibration process.  To the extent possible, the 
boundaries were set at sufficient distances away from areas proposed for pumping and 
injection in order to minimize the impacts on groundwater flow and migration of dissolved 
contaminants.  Water-level drawdowns and other effects of the flow and transport 
simulations were determined to be insignificant at the model boundaries. 



2.4 Groundwater Flow Conditions 
The 2006 baseline water level data were used for the calibration of the numerical model (see 
Figure 2-4).  Steady-state conditions were assumed to be appropriate for these simulations 
because of the following facts: 



• The West Coast Basin is overlain by the low-permeability fine-grained Bellflower 
aquitard, and seasonal changes in the amount of recharge do not significantly affect 
groundwater levels. 



• The total regional groundwater production from the West Coast Basin is essentially 
constant because the basin is adjudicated. 



• A rising trend in the groundwater elevations appears to be uniform and similar in all of 
the units of interest (units within the Bellflower aquitard and the Gage and Lynwood 
aquifers); and therefore, horizontal and vertical components of hydraulic gradient in 
these units do not change significantly in response to this rise (see Section 2 of the 
JGWFS, CH2M HILL, 1998).   



Based on the above, the impact of this rise of water levels on the model simulations is not 
expected to be significant.  It also is anticipated that water levels at the Dual Site would 
approach steady-state shortly after the start of the remedial actions (i.e., drawdown and 
mounding in the remedial extraction and injection wells, respectively, will stabilize in a 
short period of time relative to an overall remedy implementation).  This was confirmed by 
the pilot extraction and injection testing, which indicated that water levels stabilize 
relatively quickly during pilot pumping and or injection.  This comprehensive pilot 
program was implemented by Montrose to obtain data on the hydraulic properties of the 
aquifers and aquitards, and specific capacities of injection and extraction wells.  The pilot 
testing program included six extraction and four injection tests of relatively long duration 
(up to 5 days) and with relatively high flow rates (up to several hundred gpm).  In addition, 
three additional 12-hour aquifer tests were performed using monitoring wells at the 
downgradient edge of the chlorobenzene plume in the MBFC.  A detailed discussion of the 
pilot testing program is included in the Pilot Extraction and Aquifer Response Test 
Completion Report (Hargis + Associates [H+A], 2008).   
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



BL-10B&C 4195754 4058949 56  -39 -53 -58.00 -63 -70.00 -77.00 -84 > -99     
BL-11B&C 4195771 4057839 56  -44 -53 -58.00 -63 -70.00 -77.00 -84 > -99     
BL-12C 4195487 4058083 56.25  -26.25 -41.75 -65.25 -78.25 -80.75 -83.25 -85.75      
BL-13C 4196049 4057119 53.41  -37.09 -41.59 -58.84 -76.09 -82.09 -88.09 -94.09      
BL-9B 4195784 4059830 53  -42 -55  > -66         
Carson 2 4202704 4047843 40        -90 -155 -158.33 -161.67 -165 -215 
CPL0005 4198505 4057792 37.47 -33             
CPL0009 4199559 4057676 32.8 -44             
CPL0011 4197437 4056540 42.45 -16 -38 -41           
CPT-1 4199266 4056201 33.45 -34             
CPT-11 4199532 4056718 34.2 -42             
CPT-12 4199448 4056533 34 -38             
CPT-13 4199181 4056520 34.47 -34             
CPT-14 4199030 4056521 35.04 -34             
CPT-15 4198879 4056516 35.5 -34             
CPT-16 4198729 4056518 35.83 -33             
CPT-17 4199084 4056721 36.27 -36             
CPT-18 4198939 4056720 36.84 -33             
CPT-2 4198211 4056172 37.99 -17             
CPT-3 4199594 4056220 27.28 -42             
CPT-4 4198847 4056449 32.19 -33             
CPT-5 4199712 4056474 30.4 -41             
CPT-6 4199910 4056420 29.8 -46             
CPT-7 4199333 4056521 33.52 -37             
CPT-8 4199532 4056510 32.6 -40             
DB-1 4194319 4058333 54.7  -46.3 -50.3 -59.80 -69.3 -72.63 -75.97 -79.3 -165.3     
DB-2 4195364 4060761 49.7  -51.3 -55.3 -60.80 -66.3 -77.3 -86.3 -91.3 -168.3     
EB-18  4202113 4052362 34.93     -113.57 -115.07 -116.57 -118.07 >-167.07     
EB-19 4198942 4054829 37.93     -101.37 -107.37 -113.37 -119.37 -166.07     
EB-20 4195863 4055486 46.48     -67.52 -69.02 -70.52 -72.02 >-152.02     
EB-21 4196831 4053430 35.96     -84.04 -85.71 -87.37 -89.04 >-164.04 -170.00 -175.00 -180  
EB-22 4198327 4052776 24.95     -87.25 -88.85 -90.45 -92.05 -156.05     
EB-23 4198680 4054176 31.4     -93.9 -98.80 -103.70 -108.6 -164.9     
EB-25 4199886 4056660 34.5     -107.5 -115.50 -123.50 -131.5 -186.5     
EB-26 4194654 4057065 55.41  -43 -52 -60.80 -69.59 -72.92 -76.26 -79.59 -157     
EB-27 4197434 4056542 42.1     -71.9 -81.03 -90.17 -99.3      
EB-28 4194924 4055578 50.42     -74.58 -78.58 -82.58 -86.58 >-149.58     
EB-29 4195114 4053641 45.38     -74.62 -77.55 -80.49 -83.42 -156.02     
EB-30 4200748 4051398 36.56     -78.44 -85.31 -92.17 -99.04 -156.34     
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



EB-31 4202580 4050665 36.92     -68.08 -78.91 -89.75 -100.58 -162.58     
EB-32 4201359 4053430 32.68     -115.62 -122.42 -129.22 -136.02 >-167.32     
EB-33 4202922 4052014 32.93     -110.57 -114.64 -118.70 -122.77 >-168.07     
EB-34 4201964 4053879 32     -122.2 -125.87 -129.53 -133.2 >-168     
EB-36  4199810 4053771 24.46     -91.24 -100.87 -110.51 -120.14 >-170.54     
EB-37 4197124 4054177 41.26     -83.44 -86.14 -88.84 -91.54 -154.74     
G-23 4198928 4053550 37.43     -87.57 -92.57 -97.57 -102.57 >-142.57     
G-28 4200173 4052086 36.09     -96.41 -100.74 -105.08 -109.41 >-158.91     
G-29 4201437 4052832 35.83     -111.17 -113.17 -115.17 -117.17 >-164.17     
GGWMW2 4193840 4056858 52.5 17 -42 -51  > -68         
GGWMW3 4192846 4056825 52.5 23 -47 -51  > -68         
MWG001 4197176 4059055 54  -46 -58 -64.00 -70 -96 -103 -108 > -133     
MWG002 4197175 4058357 55  -59 -62 -69.00 -76 -91 -97 -104 > -140     
SBL0013 4199584 4058732 36.4 -39 -47 -47 -90 -101 -109 -135 -144      
SBL0014 4198063 4056984 38.39 -21 -38 -47 -83 -96 -98 -104       
SBL0015 4198907 4058894 37.2 -34 -54 -60 -93 -115 -119 -127 -131      
SBL0016 4198842 4056885 35.72 -34 -53 -53 -92 -109         
SBL0019 4201224 4057883 21.34 -61 -84 -84 -101 -105 -113 -133 -141      
SBL0020 4197440 4056537 42.35 -15 -35 -63 -68.5 -72 -84 -90 -100      
SBL0021 4198037 4059262 42.7 -30 -46 -57 -74 -92 -100 -110 -115 -182     
SBL0022 4200338 4057885 32 -50 -66 -66 -98 -113 -124 -140 -149      
SBL0023 4199215 4056525 34.75 -33 -51 -51 -88 -101 -106        
SBL0024 4198585 4056524 36.44 -27 -56 -56 -92 -104 -112        
SBL0025 4201300 4059096 23.59 -51 -65 -65 -104 -112 -116 -130       
SBL0026 4200391 4056456 31.53 -58 -71 -71 -101 -124 -130        
SBL0027 4198428 4060735 40.38 -49 -79 -103 -105 -116 -122 -132 -138 -216     
SBL0028 4201141 4056416 26.75 -60 -73 -73 -109 -129 -136.00 -143.00 -150      
SBL0029 4198634 4058107 39.71 -32 -36 -36 -86 -105 -116        
SBL0030 4198030 4059899 42.22 -33 -54 -63 -82 -95         
SBL0031 4201301 4057135 23.98 -66 -73 -73 -98 -105 -115 -124 -136      
SBL0032 4199326 4060737 36.7 -57 -87 -97 -111 -120         
SBL0034 4199336 4060109 40.09 -57 -91 -97 -113 -120 -123 -130 -141      
SBL0035 4200685 4058611 28.65 -56 -69 -69 -99 -106 -114 -119 -135      
SBL0050 4198271 4058410 40.9 -30             
SBL0051 4201891 4057040 23.64 -71 -76 -76 -104 -112 -122 -126 -146      
SBL0052 4200097 4056873 33.9 -54 -78 -78 -103 -117 -121 -136 -144      
SBL0053 4200451 4055844 20.15 -54 -78 -78 -103 -112 -117 -132 -146      
SBL0054 4201078 4055866 21.1 -61 -69 -69 -109 -125 -128 -149 -156      
SBL0059 4199423 4056862 34.81 -40 -51 -51 -87 -107 -115 -131 -136      
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



SBL0065 4198400 4056617 38.94 -21             
SBL0077 4200260 4054982 23.15 -48 -60 -60 -92 -108 -109 -119 -130 -190     
SBL0078 4197954 4058850 42.3 -32 -46 -57 -80 -90 -96 -107 -116 -182     
SBL0079 4198261 4058275 42.31 -33 -43 -50           
SBL0080 4198562 4056183 36.2 -47 -58 -58 -85 -108 -110 -116 -117 -176     
SBL0081 4199553 4057684 33.21 -46 -59 -59 -95 -104 -113 -130 -139      
SBL0084 4199556 4056522 32.72 -41 -57 -57 -89 -104         
SBL0097 4198884 4057958 36.28 -42 -47 -47 -84 -100 -106 -108       
SBL0099 4198445 4057717 39.5 -34 -43 -49 -79 -105         
SBL0101 4199100 4057244 36.79 -41 -45 -45 -80 -100 -109 -116       
SBL0103 4198993 4056528 35.4 -35 -39 -39 -70 -97 -101        
SBL0106 4199976 4056155 23.69 -49 -54 -54 -100 -108 -110        
SBL0107 4199614 4055494 29.39 -40             
SBL0108 4198515 4056928 38.52 -33 -46 -48 -83 -108 -112.67 -117.33 -122      
SBL0475 4198425 4058438 40.85 -26 -48 -56 -79.50 -103         
SBL0476 4198053 4058306 40.64 -31 -45 -56 -80.00 -104 -114 -118 -120 -180     
SBL0498 4198018 4058469 39.35 -31 -46 -55 -79.00 -103 -105 -114 -118      
SBL0499 4198329 4057715 41 -36 -39 -49 -74.50 -100 -105 -118 -120      
SBL0500 4198788 4057623 38 -35    -105 -109 -123 -131      
SBL0501 4198032 4057569 39.92 -27 -43 -52 -76.50 -101 -106 -109 -114      
SWL0060 4201259 4057095 24.95 -69    -105         
WCC-1D 4196999 4059832 50  -57 -63 -77 -87         
WCC-3D 4196831 4059937 51  -59 -68 -72 -80         
X-13DGE 4201400 4053550 30              
X-785BLACO 4191400 4054000 68 10 -7 -7 -40 -61 -61 -61 -61    -235 -285 
X-794ALACO 4196100 4059441 51         -159 -185 -213 -239 -289 
X-795LACO 4196530 4056700 46            -202 -252 
X-808LACO 4198750 4045750 57 25 1 -23 -53 -73 -79 -89 -98 -123 -143 -164 -184 -234 
X-813NLACO 4200350 4062700 35 -81 -85 -105 -115 -125 -136 -154 -171 -241 -259 -277 -295 -345 
X-814DLACO 4202500 4059000 18.3 -57 -67 -73 -87 -108 -122 -137       
X-816LACO 4202220 4054000 30         -196 -211 -225 -240 -290 
X-822FFLACO 4203650 4066200 27 -87 -123 -135 -155 -168 -185 -213 -237 -303 -313 -323 -333 -383 
X-825LACO 4204200 4055400 18 -62 -74 -87 -130 -152 -164 -182 -200 -224 -245 -266 -286 -336 
X-835ELACO 4208300 4054800 8.9 -37 -58 -81 -108 -120         
X-836ALACO 4206700 4051200 25 -37 -51 -51 -81 -94 -100 -109 -118 -173 -180 -188 -195 -245 
XBF-18 4196366 4058108 51.35 -19 -33 -57 -75.50 -94 -96.00 -98.00 -100      
XBF-32A 4194857 4055589 54 7             
XDA-1A 4200434 4055845 21.56         -200 -217 -234 -250 -300 
XDM-3 4198869 4056467 32 -34             
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TABLE 2-2 
Hydrostratigraphic Control Points 



Base Elevation1 of Hydrostratigraphic Unit 



Location X-coordinates2 Y-coordinates2 
Reference 
Elevation1 UBF MBFB MBFM MBFC1 MBFC2 LBF1 LBF2 LBF3 Gage GLA1 GLA2 GLA3 Lynwood 



XEB-01 4196227 4057561 49.1 3 -19 -41 -53 -74 -79 -89 -90 -152     
XEB-03 4197791 4057207 40.87 -14 -38 -49 -78 -90 -96 -100 -112 -174 -183 -192 -200 -250 
XEB-04 4197706 4056869 42.7 -16 -32 -43 -70 -81 -90 -96 -106 -167 -175 -182 -189 -239 
XEB-05 4197394 4056505 41.5         -158 -164 -171 -178 -228 
XEB-06 4196937 4056497 44 -8 -29 -43 -60 -80 -84 -90 -96 -150 -157 -165 -172 -222 
XEB-08 4196877 4057820 49.28 -2 -18 -47 -71 -88 -90 -95 -99 -171 -177 -183 -189 -239 
XEB-09 4199639 4056482 31.14 -40 -56 -56 -84 -106 -112 -130 -140 -191 -203 -216 -228 -278 
XEB-10 4198999 4056480 35.4 -40             
XEB-11 4198585 4055652 37.8 -26 -41 -41 -71 -84 -91 -102 -113 -173     
XEB-12 4199599 4055474 31 -38 -43 -49 -84 -100 -106 -125 -149 -189 -199 -209 -219 -269 
XEB-13 4200059 4054027 25 -37 -50 -50 -81 -97 -103 -113 -123 -185 -192 -198 -205 -255 
XEB-14 4198540 4054420 31.97 -36 -48 -59 -79 -93 -97 -104 -110 -168 -172 -176 -180 -230 
XEB-15 4197240 4054950 40.54 -38 -44 -54 -69 -84 -86 -88 -89 -159 -164 -168 -172 -222 
XEB-16 4199540 4052130 25.34 -23 -43 -59 -77 -90 -91 -94 -99 -153 -169 -186 -203 -253 
XEB-17 4194718 4052814 37.12 -21 -33 -33 -58 -70 -77 -84 -91 -155 -167 -180 -193 -243 
XEB-2A 4197200 4056890 44.6 -3 -28 -59 -65 -81 -86 -90 -95 -155 -163 -171 -178 -228 
XG-08 4197974 4055531 23.87 -44 -51 -51 -67 -99 -102 -105 -109      
XG-10 4196470 4057900 49.87 -4 -33 -46 -68 -83 -88 -97 -105      
XG-12 4198949 4056036 26.95 -40 -57 -77 -97 -108 -111 -117 -122      
XG-16 4197573 4055518 38.17 -42 -52 -52 -67 -93 -96 -100 -105      
XL-1MO 4192336 4055705 54 -16        -133 -150 -183 -216 -266 
XLW-01 4196897 4057220 45.5 5 -25 -64 -76.5 -85 -87 -91 -96 -164 -169 -174 -179 -229 
XLW-03 4197827 4057929 41.42 -25 -47 -63 -80 -92 -97 -106 -117 -172 -179 -187 -195 -245 
XMW-01T 4197965 4058543 41.77 -29             
XMW-02T 4197845 4058641 42.76 -27             
XMW-03 4196+252 4057308 47.41 1 -19            
XMW-16 4196283 4055732 42.01 -1 -13 -17           
XMW-22 4196753 4055480 41.12 -2 -27            
XMW-29 4198349 4056813 39.23 -32             
XMW-30 4198216 4056157 37.93 -17             
XP-1 4199266 4056202 33.4 -34             
XP-3 4199902 4056422 29.78 -46             
XPZ-300MO 4191073 4056771 55 -34 -55 -55 -76 -86 -86 -86 -86 -140 -174 -209 -243 -293 
XS-302 4196835 4057286 48 4 -16 -61 -73 -81         
1 Elevations are in feet with respect to National Geodetic Vertical Datum of 1929 (NGVD 29). 
2 X and Y coordinates are based on California State Plane Zone 7, North American Datum (NAD), 1927. 
Italicized values are interpolated or extrapolated from nearby data. 
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The top surface of the model was also updated with the 2006 baseline water level data.  
Similar to the previous modeling efforts, such as initial calibration and data gap analysis, 
the top surface of the model was assumed to be constant (i.e., it was assumed that the top 
aquifer is confined).  As discussed in the Work Plan Amendment for the Development of the 
Remedial Design Model and Optimization of the Remedial Wellfield (CH2M HILL, 2006a), 
this assumption was required when PEST was used in conjunction with MODFLOW, 
because PEST could not be used efficiently if any model cells became unsaturated (i.e., 
became dry cells).  However, simulation of an unconfined top aquifer using MODFLOW 
would most likely result in the occurrence of dry cells.  While alternative approaches for 
solving this issue using other available model codes would result in significant cost and 
time increases for the modeling effort, the assumption of confined conditions for the water 
table aquifer was not expected to impact the outcome of the wellfield optimization 
(CH2M HILL, 2006a).  This is because the remedial actions (i.e., remedial pumping and 
injection) will primarily target the deeper aquifers such as the MBFC and Gage aquifers (i.e., 
model layers 4, 5, and 9), while the confined conditions will be assumed for layers 1 and 2.  
Consequently, an approximation of confined conditions for the water table aquifer was 
considered to be acceptable. 



2.5 Hydrogeologic Properties 
Aquifer hydraulic conductivity is a key parameter required in the flow modeling.  Initial 
ranges of hydraulic conductivities were estimated based on aquifer pumping tests and 
laboratory tests conducted during the RIs.  In addition, nine aquifer extraction and four 
injection tests were performed by Montrose during the RD investigations.  The pilot tests 
were generally performed at flow rates similar to expected operational remedial wellfield 
flow rates.  A comprehensive set of water level response measurements was collected 
during the pilot tests from a large number of monitoring wells screened in different HSUs.  
Detailed discussion of the pilot tests is presented in the Pilot Extraction and Aquifer 
Response Test Completion Report (H+A, 2008).  These tests provided the most 
comprehensive data pertaining to hydraulic conductivities and storage coefficients of the 
HSUs beneath the Dual Site.  The hydrogeologic properties of the HSUs were determined 
based on the model calibration to the pilot test data (see Section 3.1.3.3). 



2.6 Groundwater Budget 
The groundwater budget components of the model include recharge and discharge 
components.  The recharge components include groundwater inflow into the modeling 
domain from the upgradient areas and surface recharge.  The regional inflow was accounted 
for through the use of GHB conditions.  The surface recharge within the modeling domain 
includes infiltration of rainfall water, landscape irrigation, and leakage from sewer lines and 
the Dominguez Channel.  The surface recharge was a calibration parameter and was 
estimated during the model calibration (see Section 3).  The rates of total surface recharge 
were assumed to range from 0.01 to 4 inches per year (in./yr), which is reasonable 
considering that some areas get more infiltration of rainfall and irrigation water, while other 
paved areas have very limited recharge.   
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The only known groundwater extraction wellfield within the model domain is located at the 
Mobil Refinery Superfund site.  The coordinates and extraction rates of the Mobil wells are 
presented in Table 2-3.  The locations of Mobil wells are also shown in Figure 2-1. 



TABLE 2-3 
Mobil Refinery Extraction Wells 



Well Name 
Easting 



(feet) 
Northing 



(feet) 



Extraction 
Rate 



(gpm) Model Layers 



Mobil-2 4190982 4056735 146.8 1 – 9 



Mobil-3 4191265 4056735 132.7 1 – 9 



Mobil-4 4191548 4057301 200.6 1 – 9 



Mobil-6 4192538 4055462 130.6 2 – 9 



     



2.7 Contaminant Distributions 
As further discussed in Section 3, all available chlorobenzene, benzene, and p-CBSA 
concentrations, including sampling results for the period of 1985 through 2006, were used 
for model calibration.  The 2006 baseline data were used as initial conditions for the 
contaminant concentrations for the remedial wellfield optimization runs (see Section 4).  The 
modeled initial concentrations in the water table, MBFC, and Gage aquifers are shown in 
Figures 2-5 through 2-7 for the chlorobenzene, benzene, and p-CBSA plumes, respectively.   



The distribution of TCE was characterized during the RI and RD activities based on the data 
collected by Montrose and Shell, and available data collected by others including Boeing, 
International Light Metals, APC, and PACCAR.  The dissolved distribution of TCE is shown 
in Figure 2-8.  However, the contaminant distribution and sources for the TCE plume were 
not sufficiently characterized for solute transport simulations of this constituent.  
Consequently, only advective transport of TCE (i.e., particle tracking) was simulated as part 
of these modeling activities to optimize containment of the TCE plume (see Section 4.1.1.3).   



Initial concentrations for the chlorobenzene, benzene, and p-CBSA plumes in the LBF 
(model layers 6 through 8) were assumed to be transitional between the concentration 
distributions in the overlying MBFC and underlying Gage aquifers.  The assumed 
distributions in the middle aquitard layers were calculated as the geometric mean of the 
bounding aquifers.  The distributions in the upper and lower aquitard layers were 
subsequently calculated as the geometric mean of the middle aquitard layer and the upper 
or lower bounding aquifers, respectively.  Initial concentrations for model layer 3, which is 
composed of both the Middle Bellflower B-Sand (MBFB) aquifer and the MBFM aquitard, 
were set equal to the water table concentrations used in model layers 1 and 2.  Model 
layers 10 through 13 were assigned concentrations of zero.   



2.8 Source Terms 
The source terms for the benzene, chlorobenzene, and p-CBSA plumes incorporated into the 
numerical model are briefly discussed below. 
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2.8.1 Benzene Source Terms 
Locations and strengths of benzene sources within the Dual Site were initially developed 
based on multiple lines of evidence obtained during the RI, including: (1) the historical 
facility layout; (2) known or inferred former chemical processes; (3) chemical characterization 
of light nonaqueous phase liquid (LNAPL); (4) groundwater analytical data; (5) shallow and 
deep soil-gas data; (6) subsurface soil investigations and soil analytical data; and (7) anecdotal 
information from former facility operation personnel and post-facility construction files.  As 
discussed in the JGWFS (CH2M HILL, 1998), the sources of benzene within the Dual Site 
were identified as areas where LNAPL is found or suspected in the subsurface, which are 
determined to be continuously supplying benzene and other LNAPL-related contaminants to 
groundwater.  The benzene sources were further assessed and revised during the RD 
investigations to account for the 2006 baseline data and additional site characterization data 
including the TCE and benzene data acquisition activities.   



It was assumed in the numerical model that the dissolved benzene concentrations in the 
source areas do not change with time (i.e., the concentrations are constant because the mass 
of dissolved contaminants that migrates away from LNAPL sources with groundwater flow 
is replenished by new mass dissolving from LNAPL).  The benzene source terms including 
location (model cell), depth (model layer), and initial concentration are presented in 
Table 2-4 and shown in Figure 2-9.   



Initial source term concentrations in each HSU were estimated from 2006 baseline 
monitoring data and historic benzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3).   



Please note that the results of groundwater sampling performed by Shell in 2008 (after the 
model calibration had been completed) were not incorporated into the model.  These results 
indicated that the modeled benzene sources in the MBFC, near the waste pit source area, 
may be somewhat overestimated.  This is because the 2008 sampling data for MBFC wells 
SWL0040 and XBF-13 located in this area indicated that benzene concentrations in this area 
were relatively low compared to the historical data for these locations (URS, 2008).   



2.8.2 Chlorobenzene Source Terms 
The dense nonaqueous-phase liquid (DNAPL) sources of chlorobenzene at the Montrose 
property were also incorporated in the numerical model of the Dual Site.  Similar to the 
benzene sources, these sources were simulated as constant-concentration source terms based 
on the assumption that the mass of dissolved chlorobenzene that migrates downgradient 
from the DNAPL source with groundwater flow is replenished by new mass dissolving from 
DNAPL.  Constant-concentration chlorobenzene source terms were specified for the model 
cells that most closely coincide with the DNAPL distribution.  These cells encompass a 
400- by 400-foot area that extends from the water table downward through the Gage aquifer, 
at model rows 41 through 44, and columns 61 through 64 (Figure 2-9).  This assumed source-
term depth was based on (1) the presence of DNAPL in the water-table units, (2) on the 
indirect evidence of DNAPL in the form of elevated concentrations of chlorobenzene and 
dichlorodiphenyltrichloroethane (DDT) in soil samples at the bottom of the MBFC, and (3) 
elevated chlorobenzene concentrations in the Gage aquifer (CH2M HILL, 1998). 
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The source term concentrations in each HSU were estimated from 2006 baseline monitoring 
data and historic chlorobenzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3 for initial and calibrated values of the chlorobenzene sources).   



2.8.3 p-CBSA Source Terms 
Sources of p-CBSA also were simulated as constant-concentration cells in the area with the 
highest p-CBSA concentrations, which coincides with the DNAPL area.  Constant-
concentration sources for p-CBSA were assigned to the same cells that were utilized for 
chlorobenzene constant-concentration sources (Figure 2-9). 



The source term concentrations in each HSU were estimated from 2006 baseline monitoring 
data and historic chlorobenzene concentrations at these locations.  These values were 
adjusted during model calibration to achieve a match between measured and simulated 
concentrations (see Section 3 for initial and calibrated values of the p-CBSA sources).   



2.8.4 TCE Sources 
As discussed above, the contaminant distribution and sources for the TCE plume are not 
sufficiently characterized for solute transport simulations of this constituent.  Consequently, 
the solute transport of TCE was not simulated as part of these modeling activities.  
However, advective transport of TCE (i.e., TCE migration with groundwater flow) from the 
source areas was evaluated to design the containment of TCE sources in accordance with the 
requirements of the ROD.  Consequently, the approximate locations of the TCE sources 
were identified in the model through interpretation of available groundwater analytical data 
collected by others and available from agency files, as well as based on data collected as part 
of the Montrose and Del Amo data acquisition activities.  The TCE source located at the 
PACCAR and APC facilities was considered for the design and optimization of the remedial 
wellfield, and is shown with interpreted TCE concentration contours in Figure 2-9. 



2.9 Transport Parameters 
The parameters required in the MT3DMS transport simulations include effective porosity, 
bulk density, dispersivity, retardation coefficient, and intrinsic biodegradation half-life.  
Each of these parameters is briefly discussed below. 



2.9.1 Bulk Density and Porosity 
Initial values of bulk density and porosity were obtained from laboratory tests on samples 
collected at the Dual Site and summarized in Appendix B of the JGWFS (CH2MHILL, 1998).  
Measured bulk density ranged from 1,100 to 2,600 kilograms per cubic meter (kg/m3) with 
an average of 1,720 kg/m3.  Measured total porosity ranges from 36.5 percent to 41.8 percent 
using soil samples beneath the former Del Amo property.  Physical tests conducted as part 
of the MW-20 pilot program showed that effective porosity ranges from 34.1 percent to 
50.4 percent.  Samples collected at the Montrose property indicated that total porosity 
ranges from 33.7 percent in the Lynwood aquifer to 52.1 percent in the MBFM.  The 
variation in measured porosity can be attributed to soil heterogeneity and different 
sampling and testing procedures.   
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TABLE 2-4 
Benzene Source Terms 



UBF (Layer 1) MBFB (Layer 2) MBFM (Layer 3) MBFC (Layers 4 and 5) 



Source 
Area Description 



No. of 
Cells 



Cell Locations 
(row/columns) 



Initial Benzene 
Concentration 



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



2 MW-20 NAPL 
Area 



4 45/79, 80 
46/79, 80 



1,200,000 1,202,000 4 45/79, 80 
46/79, 80 



1,279,000  0    0    



3 Styrene 
finishing/ 
benzene 
purification area 



4 50/83, 84 
51/83, 84 



140,000 140,000 0    0    0    



5 VOC tank farm 13 48/80 
49/78, 79 
50/77, 78 
51/76, 77 
52/75, 76 
53/75, 76 
54/74, 75 



44,000 44,000 13 48/80 
49/78, 79 
50/77, 78 
51/76, 77 
52/75, 76 
53/75, 76 
54/74, 75 



44,000 44,030 0    0    



6 Ethylbenzene 
Production Area 
No. 1 



10 53/78, 79, 80 
54/78, 79, 80 
55/78, 79, 80 



275,000 275,000 10 53/78, 79, 80 
54/78, 79, 80 
55/78, 79, 80 



275,000 275,000 10 53/78, 79, 80 
54/78, 79, 80 
55/ 78, 79, 80 



275,000 276,200 4 54/79, 80 
55/79, 80 



190,000 344,500 



7 Ethylbenzene 
Production Area 
No. 2 



3 55/83 
56/82, 83 



42,000 42,000 0    0    0    



8 Utility Tanks 5 55/71, 72 
56/71, 72 
57/70 



300,000 335,700 5 55/71, 72 
56/71, 72 
57/70 



300,000 274,700 0    0    



9 Waste Pit Area 14 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75 



300,000 420,300 21 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75, 76 
67/75, 76, 77 
68/76, 77 
69/76 



80,000 79,040 21 61/71 
62/71, 72 
63/71, 72, 73 
64/72, 73, 74 
65/73, 74, 75 
66/74, 75, 76 
67/75, 76, 77 
68/76, 77 
69/76 



80,000 80,060 4 68/75, 76 
69/75, 76 



49,000 64,900 



10 Laboratory and 
Pipelines 



14 73/93, 94, 95 
74/92, 93, 94, 95 
75/91, 92, 93, 94 
76/91, 92, 93 



260,000 260,000 0    0    0    



11 Benzene 
Pipeline 



4 75/84, 85 
76/84, 85 



600,000 754,000 0    0    0    



21 Jones - B 4 42/53, 54 
43/53, 54 



27,000 27,000 4 42/53, 54 
43/53, 54 



27,000 27,000 0    0    



23 Panhandle Area 12 51/67, 68 
52/67, 68 
53/65, 66, 67, 68 
54/65, 66, 67, 68 



3,000 3,000 12 51/67, 68 
52/67, 68 
53/65, 66, 67, 68
54/65, 66, 67, 68



3,000 3,000 0    0    
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TABLE 2-4 
Benzene Source Terms 



  UBF (Layer 1) MBFB (Layer 2) MBFM (Layer 3) MBFC (Layers 4 and 5) 



Source 
Area Description 



No. of 
Cells 



Cell Locations 
(row/columns) 



Initial Benzene 
Concentration 



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration 
(µg/L) 



No. of 
Cells 



Cell Locations
(row/columns) 



Initial Benzene
Concentration



(µg/L) 



Calibrated 
Benzene 



Concentration
(µg/L) 



24 P-1 NAPL 4 69/71, 72 
70/71, 72 



3,100 3,100 4 69/71, 72 
70/71, 72 



3,100 3,100 0    0    



34 Montrose 4 49/61, 62 
50/61, 62 



3,000 3,000 4 49/61, 62 
50/61, 62 



3,000 3,000 4 49/61, 62 
50/61, 62 



3,000 3,000 4 4/61, 62 
50/61, 62 



60 60 



35 ASTs 4 59/77, 78 
60/77, 78 



180,000 180,000 4 59/77, 78 
60/77, 78 



180,000 223,100 0    0    



Notes: 
VOC – volatile organic compound 
AST – aboveground storage tank 
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However, the laboratory values of total porosity do not directly correspond to the effective 
porosity of aquifer materials, which controls contaminant migration.  This is because 
effective porosity is usually a fraction of the total porosity that is available for transporting 
water through the aquifer and excludes the fraction of pores that are too small to hold 
water, or those that are not interconnected.  Therefore, effective porosity of aquifer material 
is generally lower than that obtained in the laboratory from soil samples.  An effective 
porosity of 5 to 20 percent was assumed for the transport simulations of the RD model.  
These values are lower than those measured in core samples, but are within accepted ranges 
found in hydrogeologic literature.  The values of porosity were further adjusted during 
model calibration to match the measured and simulated water levels and contaminant 
concentrations (see Section 3 for the porosity values by HSU).   



2.9.2 Retardation and Distribution Coefficients (Kd) 
The retardation coefficient represents the process of sorption and desorption of contaminants 
onto the solid grains of the subsurface media.  This process acts to “retard” or slow the 
average linear velocity of contaminants migrating in groundwater.  The retardation factor 
was calculated by MT3DMS using the site-specific values of bulk density and distribution 
coefficient (Kd).   



Chlorobenzene Kd was allowed to range from 0.001 to 6 milliliters per gram (ml/g.), based 
on field and literature data.  Benzene Kd was fixed at values ranging from 0.002 to 
0.32 ml/g, based on field data and literature values.  Retardation factors for both benzene 
and chlorobenzene were calculated by MT3DMS from field-measured bulk density values 
and Kd.  The retardation factors were further adjusted during model calibration to match 
measured and simulated contaminant concentrations (see Section 3).   



It was assumed for the purposes of this modeling effort that the retardation of p-CBSA is 
equal to zero, because p-CBSA is a conservative constituent and its transport is not 
significantly affected by sorption.   



2.9.3 Dispersivity 
Dispersivity is another transport parameter that was considered in the development and 
calibration of the numerical model.  Dispersion of contaminants dissolved in groundwater 
results from different velocities of groundwater at a scale of individual soil particles and pore 
spaces that affect the contaminant migration.  The MT3DMS solute transport model 
numerically simulates this process by solving governing solute concentration equations.  A 
dispersion coefficient is used in these solute concentration equations to characterize the effect 
of dispersion on the contaminant distribution in groundwater.  The amount of dispersion 
used in the model is characterized by the parameter of dispersivity.  Dispersivity was 
specified in the longitudinal, transverse, and vertical direction relative to the direction of 
groundwater flow.  The initial ranges of dispersivity assigned to the model were estimated 
from literature values.  The final values were estimated in the process on model calibration.  
The initial ranges and calibrated values of longitudinal, transverse, and vertical dispersivity 
for benzene and chlorobenzene used in the RD model are presented in Section 3. 
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2.9.4 Intrinsic Biodegradation 
The modeling assumptions regarding intrinsic biodegradation, represented in the model by 
values of biodegradation half-life, are based on the discussion in the JGWFS (CH2M HILL, 
1998) and recent data collected during RD including the 2004 and 2006 baseline monitoring 
rounds.   



As discussed in the JGWFS and confirmed with more recent data, a number of factors 
indicate that intrinsic biodegradation of chlorobenzene cannot be relied upon to be a 
component of the chlorobenzene remedy, although it may be occurring at the Dual Site to 
some degree.  These include the spatial characteristics of the chlorobenzene plume 
(especially the fact that the plume has been able to expand to its large lateral and vertical 
size) in conjunction with the absence of reliable data on geochemical indicators, and the lack 
of understanding of anaerobic biodegradation of chlorobenzene within the scientific 
community.  Based on the above and consistent with the previous modeling efforts, no 
intrinsic biodegradation of chlorobenzene was assumed for the RD model.   



The benzene plume distribution pattern is typical for contaminants affected by 
biodegradation.  A combination of factors such as (1) the plume distribution pattern, (2) the 
geochemical evidence of biological activity within the benzene plume, and (3) extensive 
evidence of benzene biodegradation documented in the hydrogeologic literature, indicate 
that intrinsic biodegradation is having a significant impact on the benzene plume, and 
should be considered in the remedy selection for the benzene plume. 



The initial model values for benzene half-life were obtained based on a range of values from 
literature reviews, and the site-specific focused transport study conducted during the RI/FS 
process (CH2M HILL, 1998).  These values were further adjusted during the RD model 
calibration.  The initial ranges and calibrated values of benzene biodegradation half-life are 
presented in Section 3. 



There are insufficient data to determine the degree to which intrinsic biodegradation of 
p-CBSA may be occurring at the Dual Site.  For the purpose of this modeling effort, it is 
assumed that intrinsic biodegradation of p-CBSA is not occurring.   
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FIGURE  2-3E
SITE HYDROSTRATIGRAPHY
LBF AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3F
SITE HYDROSTRATIGRAPHY
GAGE AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3G
SITE HYDROSTRATIGRAPHY
GLA AQUITARD
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-3H
SITE HYDROSTRATIGRAPHY
UPPER LYNWOOD AQUIFER
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE  2-4
2006 MEASURED WATER LEVELS
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Notes:
   ft-msl = feet (relative to) mean sea level.
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FIGURE  2-6
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   < = Value is less than the reported detection limit.
   μg/L = micrograms per liter
   NA = Not Analyzed
   J = estimated value
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Notes:
   Value in brackets is the most recent Historic value.
   < = Value is less than the reported detection limit.
   μg/L = micrograms per liter
   NA = Not Analyzed
   J = estimated value
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3. Model Calibration  



This section discusses the calibration of the RD model, including the calibration methodology 
and calibration results.   



3.1 Calibration Methodology 
As discussed in detail in the Work Plan for Development of the Groundwater Model for the 
Remedial Design (CH2M HILL, 2003) and the Work Plan Amendment for the Development 
of the Remedial Design Model and Optimization of the Remedial Wellfield (CH2M HILL, 
2006a), the model calibration was performed using the nonlinear parameter estimation 
software package PEST (Doherty, 2002, 2004, 2007; Doherty and Johnston, 2003).  PEST 
calibration was performed by automatic minimization of the objective function, which is the 
sum of squared residuals of the calibration targets.  Calibration targets were observed or 
estimated parameters such as water levels and contaminant concentrations, which were 
supposed to be reproduced by the calibrated model.  Residuals were the differences 
between model-simulated and observed or measured calibration targets.  In the process of 
calibration, PEST modified calibration parameters, such as the hydraulic and transport 
properties of the physical system (e.g., hydraulic conductivity, porosity, dispersivity, etc.) in 
accordance with the prescribed parameter distribution and limits until the objective function 
can no longer be reduced and the best possible match was achieved between the calibration 
targets and the simulated results.   



The groundwater flow and transport models are generally nonunique, and a similar quality 
of calibration can be achieved with a number of different model parameter combinations.  
This is because changes to certain model parameters (e.g., hydraulic conductivity) can be 
offset by changes to other parameters (e.g., recharge), resulting in a similarly reduced 
objective function, and therefore a similar quality of model calibration.  Consequently, a 
number of models can be developed using PEST, all of which would be reasonably well 
calibrated and based on equally viable hydrogeologic parameters for a given physical 
system.  These calibrated models may differ, however, with regard to predictions pertaining 
to the performance of the remedial wellfield, which will have a significant impact on the 
certainty of modeling predictions pertaining to this performance. 



In order to account for the issues pertaining to the nonuniqueness of the model calibration, 
the following approach was used for the calibration of the RD model:   



1. Develop the baseline calibration, which is based on the reasonable parameters and is 
acceptable to all parties (i.e., acceptable to EPA, Shell, Montrose, and other stakeholders) 
for the optimization of the remedial wellfield. 



2. Use the baseline calibration for the development and optimization of the remedial 
wellfield. 



3. Perform the wellfield failure analysis to assess the uncertainty of the model predictions 
pertaining to the performance of the remedial wellfield.   
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This section is focused on the baseline calibration of the RD model.  The remedial wellfield 
failure analysis is discussed in detail in Section 5 of this report.  Presented below is the 
discussion of the calibration process, parameter distribution and limits, and calibration 
targets for the baseline calibration.   



3.1.1 Calibration Process 
As discussed in detail below, the RD model was calibrated using 2006 water level data; pilot 
test drawdown and buildup data from the pilot extraction and injection tests; and 
chlorobenzene, benzene, and p-CBSA historical concentration data.  The model was 
calibrated in a sequential fashion, gradually increasing in complexity.  First, a calibration to 
only water levels and vertical head differences was performed.  Model parameters and 
boundary conditions from this initial stage were used as the basis for an overall hydraulic 
calibration to water levels, vertical head differences, and pilot test drawdown and buildup 
data.   



An overall hydraulic calibration run included both steady-state calibration to 2006 baseline 
water level data and transient flow runs for eight extraction and four injection tests.  The 
extraction test for well MBFB-EW-1 was not simulated, due to the low yield and small 
magnitude and extent of hydraulic response to pumping at the well.  The hydraulic 
parameters obtained as the result of this calibration were then used as initial and preferred 
values for a combined flow and transport calibration.   



For the transport calibration, the transient transport run was performed for a period of 
61 years, from 1945 (the assumed time of contaminant release to groundwater) through 2006 
(the latest period for which the concentration data were available at the time of calibration).  
The initial concentrations of chlorobenzene, benzene, and p-CBSA for the calibration run 
were assumed to be equal to zero (i.e., the calibration run was designed to reproduce the 
current plumes from the time of initial release).   



The calibration parameters were adjusted at each stage of increasing calibration complexity 
to allow for the best match between the measured and simulated results.  The parameter 
distribution, limits and preferred values, and a set of calibration targets and weights are 
discussed below.   



3.1.2 Parameter Distribution and Limits 
As described below, the values of some model parameters were fixed (i.e., were not allowed 
to change in the calibration process), while others, referred to as calibration parameters, 
were allowed to vary to achieve the best match between the simulated conditions and 
calibration targets.  Fixed parameters were assigned values based on field data when these 
data were available and on literature and professional judgment where field data were not 
available.  Calibration parameters were estimated using PEST.  These estimates were 
performed in accordance with the parameter distribution and limits assigned to each 
calibration parameter.  For some parameters, which were assumed to be constant within an 
HSU and/or model layer, a single value was estimated per model layer or HSU.  Other 
parameters were estimated using pilot points.  As discussed in the Work Plan for Model 
Development (CH2M HILL, 2003), pilot points are discrete locations where PEST estimates 
values of the particular calibration parameter needed to match calibration targets at this 
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location.  The values of calibration parameters at all model cells were then interpolated 
based on the values at the pilot points.   



The parameter distribution, limits, and preferred values assumed for the baseline calibration 
are presented below.   



Parameter Distribution 
The assumptions regarding the distribution and variability of calibration parameters and 
values for fixed parameters for the baseline calibration are described below. 



Distribution of Calibration Parameters 
The assumed spatial distribution for each parameter is presented in Table 3-1 and described 
below.   



• Horizontal hydraulic conductivity (Kh), Kh and vertical hydraulic conductivity (Kv) 
ratio (Kh:Kv) of upper units, recharge, and Dominguez Channel conductance were 
assumed to be spatially variable (i.e., were allowed to vary within HSUs).   



• Storage coefficients (Sy, Ss) were assumed to be constant in each HSU, but were 
permitted to vary between aquifer tests.  Storage coefficients were grouped together 
where limited information was available.  For example, the same specific storage for the 
MBFC aquifer was used during calibration to the pilot test data in the Gage aquifer, but 
a different storage coefficient for the Gage aquifer was estimated for each test.  This is 
because the Gage pilot test data provided more information regarding the storage 
coefficient in the Gage, than regarding the storage coefficient in the MBFC.   



• Transport parameters such as porosity, dispersivity, distribution coefficient (Kd), 
retardation factor (R), decay rate, and source concentrations were assumed to be 
constant within HSUs, but were allowed to vary in different HSUs.   



• GHB conductance was calculated from the calibrated hydraulic conductivity values for 
each GHB cell using the following equation: GHB conductance = K*L*W/M, where K is 
the horizontal hydraulic conductivity at a particular cell, L is the thickness of the cell, 
W is the size of the cell in the direction perpendicular to flow, and M is half the size of 
the cell in the direction parallel to flow. 



As discussed in the Work Plan for Model Development (CH2M HILL, 2003), the spatial 
continuity targets were added to the objective function to achieve a homogeneous 
distribution of parameters unless suggested otherwise by field data used as calibration 
targets. 



Variability of Calibration Parameters  
The assumed transformation status and standard deviation for each model parameter is 
presented in Table 3-1.  Fixed parameters were not estimated as part of the calibration 
process. 
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TABLE 3-1 
Assumed Parameter Distribution and Transformation Status  



Parameter Spatial Distribution 
Transformation 



Status 



Porosity Constant in each HSU Fixed 



Longitudinal dispersivity Constant in each HSU Log 



Transverse dispersivity Constant in each HSU Log 



Vertical Dispersivity Constant in each HSU Log 



Chlorobenzene source concentration Constant within source area in each HSU Log 



Chlorobenzene Kd Constant within each layer Log 



p-CBSA source concentration Constant within source area in each HSU Log 



Benzene source concentration Constant within each source area in each HSU Log 



Benzene Kd Constant within each layer Fixed 



Benzene degradation rate Constant within each layer Log 



Riverbed conductance Four pilot points along river length Log 



Elevation of GHB Several pilot points along boundary in each aquifer  Fixed 



Specific yield and specific storage Constant in each HSU Log 



Recharge Pilot points None 



Hydraulic conductivity Pilot points within each HSU Log 



Horizontal to vertical hydraulic 
conductivity ratio 



Pilot points within each HSU Log 



 



Fixed Parameters 
• Values of porosity were fixed (i.e., were not allowed to change in the calibration process) 



to correct numerical stability problems during PEST runs.   



• Values of benzene Kd were fixed at values calculated from analysis of field samples and 
literature values.   



• Values of Kh:Kv were fixed for lower HSUs (the MBFM through Lynwood aquifer).   



• Values of GHB heads were estimated based on the extrapolation of available water 
levels and fixed.   



• Source timing was fixed. 



Parameter Limits and Preferred Values 
Parameter limits and preferred values for flow and transport parameters are discussed 
below.  
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Parameter Limits for Flow Parameters 
• Kh was allowed to range within plus/minus two standard deviations (log-transformed) 



of the geometric mean of available aquifer test data, or within plus/minus 1.5 orders-of-
magnitude of values estimated during previous investigations at the Dual Site.  Initial 
Kh values and ranges in the MBFC and Gage aquifers were derived from preliminary 
analysis of extraction and injection pilot test data. 



• Kh:Kv ratio was allowed to range from 1:1 to 100,000:1 in the UBF and MBFB, and was 
fixed at 10:1 in lower units (i.e., in the MBFM through Lynwood aquifer).  The wide 
range of permitted values in the upper units could have been reasonably constrained to 
a smaller range, but early PEST runs showed no tendency toward extreme values. 



• Recharge was allowed to range from 0.01 to 4 in./yr, which is reasonable for Dual Site 
conditions. 



• Specific yield and specific storage were allowed to range from 1x10-9 to 0.3, which 
ranges from confined behavior and rapid aquifer response at the low end, to unconfined 
behavior and slow aquifer response at the high end of this range. 



• Dominguez Channel conductance was allowed to range within an order-of-magnitude 
of values estimated from the channel geometry and previous investigations at the Dual 
Site. 



• GHB heads were assigned using four to seven pilot points per aquifer layer including 
one point at each model corner (i.e., four points), and additional points at the locations 
where water-level data were available near the boundary.  GHB heads for aquitards 
were assigned as averages of heads in the underlying and overlaying aquifers.  For 
example, the GHB head in Layer 11 of the GLA was calculated as the average of head in 
the Gage aquifer (Layer 9) and in the Lynwood aquifer (Layer 13).  GHB head in GLA 
Layer 10 was then calculated as the average of heads in Layers 9 and 11. 



Parameter Limits for Transport Parameters 
• Porosity was fixed at values ranging from 5 to 20 percent on the basis of field data. 



• Longitudinal dispersivity (DL) was allowed to range from 0.1 to 1,000 feet, based on the 
scale of the plume.   



• Transverse (DT) to longitudinal dispersivity ratio was allowed to range from 0.001 to 1, 
based on literature estimates. 



• Vertical (DZ) to longitudinal dispersivity ratio was allowed to range from 1x10-6 to 1, 
based on literature estimates. 



• Chlorobenzene Kd was allowed to range from 0.001 to 6 ml/g, based on field and 
literature data. 



• Chlorobenzene retardation factor (R) was calculated by MT3DMS from field-measured 
bulk density values and calibrated Kd values estimated by PEST.  The allowable range 
was 1 to 90. 
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• Benzene Kd was fixed at values ranging from 0.002 to 0.32 ml/g, based on field data and 
literature values. 



• Benzene retardation factor (R) was calculated by MT3DMS from field-measured bulk 
density values and Kd, and had a range from 1.01 to 6.5. 



• Benzene half-life was allowed to range from 30 to 1,000,000 days, to encompass the 
potential range of conditions including very rapid decay and virtually no decay. 



• Source concentrations were allowed to range from 0.001 to 500,000 micrograms per liter 
(µg/L) for chlorobenzene, from 0.001 to 1,800,000 µg/L for benzene, and from 0.001 to 
1,000,000 µg/L for p-CBSA.  The low limits of these ranges were designed to allow the 
flexibility to account for the relatively coarse grid compared to the potential size of the 
actual source (i.e., the model source could not be smaller than a single grid cell of 100 by 
100 feet, which could be a substantial overestimation of the source size in certain 
instances and had to be corrected by reducing the source strength).  The upper limits of 
these ranges represent the corresponding solubility limits of these constituents.   



• Source start time was assumed to be 1945. 



Preferred Values for Model Parameters 
A “preferred condition” for each calibration parameter was defined by the regularization 
equations as a set of preferred parameter values, from which deviations are tolerated only to 
the extent that they are supported by the data.  The preferred values for model calibration 
parameters and the rationale for these values are presented in Table 3-2. 



TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



Flow 



River Conductance Dominguez 
Channel 



5,500 ft2/day Channel geometry and previous 
investigations 



Recharge  1 in./yr Professional judgment based on local 
climate and surface characteristics 



Specific Yield  0.01  Professional judgment based on pilot test 
analysis 



Specific Storage  2x10-6 1/ft Professional judgment based on pilot test 
analysis 



Horizontal Hydraulic 
Conductivity 



UBF 1.9 ft/day Geometric mean of aquifer test data in this 
HSU 



 MBFB 20 ft/day Geometric mean of aquifer test data in this 
HSU 



 MBFM 0.1 ft/day Professional judgment based on previous 
calibration results 



 MBFC 10 to 150 ft/day Professional judgment based on previous 
calibration results 
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TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



 LBF 0.0008 to 
0.27 



ft/day Professional judgment based on previous 
calibration results 



 Gage 16 to 120 ft/day Professional judgment based on previous 
calibration results 



 GLA 0.017 ft/day Professional judgment based on previous 
calibration results 



 Lynwood 113 ft/day Geometric mean of aquifer test data in this 
HSU 



In addition, the results of 132 short-term aquifer tests from the RI were used as preferred-value targets.   



Horizontal/Vertical 
Hydraulic Conductivity 
Ratio 



UBF 200  Professional judgment based on previous 
calibration results 



 MBFB 5  Professional judgment based on previous 
calibration results 



 All others 
(fixed) 



10  Professional judgment based on 
hydrogeological literature 



Transport 



Longitudinal 
dispersivity 



All layers 10 Ft Based on scale of chlorobenzene plume 



Transverse to 
longitudinal dispersivity 
ratio 



All layers 0.5  Professional judgment based on 
hydrogeological literature 



Vertical to longitudinal 
dispersivity ratio 



All layers 0.001  Professional judgment based on 
hydrogeological literature 



MBFB 350,000 µg/L Professional judgment based on field data Chlorobenzene source 
concentration 



MBFM 350,000 µg/L Professional judgment based on field data 



 MBFC 15,000 µg/L Professional judgment based on field data 



 LBF 10,000 µg/L Professional judgment based on field data 



 Gage 7,000 µg/L Professional judgment based on field data 



Chlorobenzene Kd UBF 0.0053 ml/gal. Field samples and literature values 



 MBFB 0.039 ml/gal. Field samples and literature values 



 MBFM 0.018 ml/gal. Field samples and literature values 



 MBFC 0.13 ml/gal. Field samples and literature values 



 LBF 0.43 ml/gal. Field samples and literature values 



 Gage 0.27 ml/gal. Field samples and literature values 



 GLA 0.73 ml/gal. Field samples and literature values 



 Lynwood 0.53 ml/gal. Field samples and literature values 
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TABLE 3-2 
Preferred Values for Model Parameters 



Parameter Location 
Preferred 



Value Units Rationale 



UBF 3,000 to 
1,200,000 



µg/L Professional judgment based on field data Benzene source 
concentration 



MBFB 3,100 to 
1,200,000 



µg/L Professional judgment based on field data 



 MBFM 3,000 to 
275,000 



µg/L Professional judgment based on field data 



 MBFC 60 to 
190,000 



µg/L Professional judgment based on field data 



Benzene half-life UBF 84 Days Professional judgment based on field data 



 MBFB 84 Days Professional judgment based on field data 



 MBFM 84 Days Professional judgment based on field data 



 MBFC 84 Days Professional judgment based on field data 



 LBF 300 Days Professional judgment based on field data 



 Gage 300 Days Professional judgment based on field data 



 GLA 300 Days Professional judgment based on field data 



 Lynwood 300 Days Professional judgment based on field data 



MBFB 500,000 µg/L Professional judgment based on field data p-CBSA source 
concentration 



MBFM 500,000 µg/L Professional judgment based on field data 



 MBFC 450,000 µg/L Professional judgment based on field data 



 LBF 150,000 µg/L Professional judgment based on field data 



 Gage 50,000 µg/L Professional judgment based on field data 



ft/day – feet per day 
ft2/day – square feet per day 
 
The Work Plan Amendment (CH2M HILL, 2006a) proposed a methodology to incorporate 
the statistical features of a large number of short-term aquifer tests as calibration targets.  
However, preliminary analysis of pilot testing results suggested that for the MBFC aquifer, 
the short-term aquifer tests performed during RI potentially overestimated hydraulic 
conductivity by a factor of two.  The pilot testing data are of much higher quality, and 
therefore, short-term aquifer testing results were converted to regularization-type (i.e., 
lower weight) preferred-value targets.  As lower-weight targets, these values influenced 
estimated properties only if other calibration targets did not provide much information 
about aquifer properties at those locations.   



3.1.3 Calibration Targets  
Five main groups of calibration targets were selected for calibration.  These groups include 
(1) the 2006 baseline water level data (heads), (2) head differences calculated from the 2006 
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baseline water level data, (3) transient drawdown and buildup from eight extraction and 
four injection tests, (4) all available concentration data for chlorobenzene, benzene, and 
p-CBSA (i.e., data from 1983 through 2006), and (5) chlorobenzene and p-CBSA mass targets 
estimated based on kriging of concentration data.  The calibration targets were subgrouped 
by model aquifer layers (1, 2, 4, 5, 9, and 13), for which these targets were available.   



Calibration weights were developed empirically, and were adjusted during the calibration 
process to improve the match between the observed and simulated results.  Calibration was 
focused on the most pertinent aspects with regard to the modeling objectives, such as 
aquifer test responses and the distribution of chlorobenzene concentrations that are above 
in situ groundwater standards (ISGS) in the MBFC and Gage aquifers.  The groups of 
calibration targets and weighting of these targets in the calibration process are discussed 
below.   



Heads  
All 2006 baseline water level data collected by Shell and Montrose and available 2006 data 
collected by Boeing and TRC were used as calibration targets.  In addition, available water 
level data collected near the Mobil site in a similar timeframe were considered.  However, 
water levels collected near the Mobil site were given less weight, because of the uncertainty 
associated with the field procedures and timeframes for water level measurements, and 
because the screen intervals of Mobil wells were not always appropriate for incorporation 
into the model (i.e., many wells had long screens and were screened across multiple layers).  
All other water level measurements were initially assigned equal weights in the calibration 
process.  In the process of calibration, the weights were increased for the selected water 
table wells in the vicinity of the Del Amo site to achieve a better overall match between the 
measured and simulated water levels.   



Vertical Head Differences 
Vertical head difference calibration targets were calculated for 70 locations where two or 
more wells screened in different HSUs were located within 20 feet of each other.  This 
distance was selected because given an average lateral gradient of 0.001 foot per foot (ft/ft) 
in the model domain, the distance of 20 feet would result in a maximum error of only 
0.02 foot in estimates of vertical head differences.  This amount of error is negligible given 
the average head difference of 1.57 feet in the 70 well pairs.  Head differences were 
weighted by the inverse of the absolute value of the head difference, to equalize the 
importance of small and large head differences.   



Pilot Test Data  
As discussed above, a comprehensive pilot testing program was implemented by Montrose 
to obtain data on the hydraulic properties of the aquifers and aquitards, and specific 
capacities of injection and extraction wells (H+A, 2008).  The pilot test pumping and 
injection created large-scale stresses on the aquifer system, and allowed measurement of 
water level changes in response to pumping/injection (i.e., water level drawdowns and 
buildups) in a number of wells in multiple HSUs.   



Sequential transient calibration runs were performed to calibrate the model to the results of 
these pilot and aquifer tests.  A total of 3,692 drawdown and buildup measurements were 
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used as calibration targets.  Collectively, these measurements were the most important 
calibration targets for the flow portion of the RD model, because they constrain estimates of 
the hydraulic properties of the aquifers and aquitards and significantly reduce the 
uncertainty pertaining to the hydraulic properties of the model.   



Simulated drawdown (or buildup) from monitoring wells located within 290 feet (i.e., two 
diagonal model cells away or less) of the pumping well, in the same aquifer as the pumping 
well, was corrected to remove the effect of model cell size on simulated drawdown.  This 
correction was required because the simulated drawdown in a pumping cell was averaged 
over the cell, and did not represent drawdown at any specific distance from the pumping 
well.  Consequently, model estimates of drawdown in monitoring wells located close to the 
pumping well (i.e., in the same or in adjacent model cells) were impacted by this averaging.  
In order to address this issue, the amount of drawdown per foot of (log-scaled) distance from 
the center of the pumping cell was calculated using drawdown data from two adjacent model 
cells located along a line.  These values of drawdown per foot of (log-scaled) distance were 
used to calculate drawdown at the monitoring well located within or near the pumping cell.  
With this calculation, the correct relationship between distance from the pumping well and 
drawdown was preserved when comparing measured and simulated data. 



Drawdown and buildup measurements were initially weighted to give each aquifer test 
equal importance in the objective function.  These weights were adjusted iteratively during 
calibration by applying zero weight to measurements that appeared to be erroneous or 
noise, by increasing the weight on late-time data and on monitoring wells located close to 
the tested well, and by increasing the weight on the data from aquifer tests, which did not 
calibrate as readily as others. 



Chlorobenzene Concentrations  
All available chlorobenzene concentrations (i.e., for years 1983 through 2006) were used as 
calibration targets.  The weights of chlorobenzene concentration calibration targets were 
adjusted several times in the process of calibration to achieve a better match between the 
observed and simulated distributions.  A linear weighting scheme was initially used, based 
on the success of a similar scheme in the Data Gap Analysis calibration effort (CH2M HILL, 
2005).  Anomalous data points were given a zero weight, such as where a long-term 
concentration trend was interrupted by a single dissimilar data point, after which the trend 
resumed.  Calibration weights were increased in recently installed wells, particularly Gage 
aquifer monitoring wells that defined the southwestern and southeastern lobes of the 
chlorobenzene plume to compensate for the absence of historic data points for these wells.  
In addition, weights were increased for wells that defined important characteristics of the 
chlorobenzene plume, such as wells near the toe of the plume and in high-concentration 
areas.   



Benzene Concentrations  
All available benzene concentrations (i.e., for years 1985 through 2006) were used as 
calibration targets.  The weights of benzene concentration calibration targets were adjusted 
several times in the process of calibration to achieve a better match between the observed 
and simulated distributions.  A linear weighting scheme was initially used, based on the 
success of a similar scheme in the Data Gap Analysis calibration effort (CH2M HILL, 2005).  
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Anomalous data points were given a zero weight, such as where a long-term concentration 
trend was interrupted by a single dissimilar data point, after which the trend resumed.   



Benzene concentrations within the chlorobenzene plume were given zero weight, because 
the origin of benzene within the chlorobenzene plume is uncertain.  In addition, benzene in 
this area occurs at low concentrations, which will be treated as part of the chlorobenzene- 
plume remedy.   



Weights were increased for nondetect values, in order to better reproduce the lateral and 
vertical extent of the benzene plumes.  In addition, selected wells were given greater weight 
in order to correct deficiencies in the calibration and improve the overall match between 
measured and simulated results. 



p-CBSA Concentrations  
All available p-CBSA concentrations (i.e., for years 1990 through 2006) were used as 
calibration targets.  Concentrations of p-CBSA were weighted similarly to those of 
chlorobenzene. 



Mass Targets  
Mass targets for chlorobenzene and p-CBSA were developed based on kriging of available 
concentration data for a given year (i.e., for years 1983 through 2006).  All mass targets had 
equal weights. 



3.2 Calibration Results  
This section discusses the baseline calibration of the RD model including the results of flow 
and transport calibration, contribution to objective function, and calibrated distributions of 
model parameters.  Appendix A contains a DVD with an electronic copy of the complete 
calibrated model.  As discussed above, the calibrated baseline model was provided to all 
stakeholders on the CH2M HILL FTP site, discussed in detail at the modeling meetings and 
conference calls, and approved by Shell and Montrose as an appropriate tool for the 
wellfield optimization.   



3.2.1 Flow Calibration  
The results of the flow calibration are presented in Figures 3-1 through 3-3 and Figures 3-4A 
through 3-4D.  Figure 3-1 presents a scatter diagram of simulated versus measured water 
levels (heads) and calibration statistics.  Figure 3-2 presents simulated water level contours 
and water level contours interpreted from measured water levels for model layers 2, 5, and 
9 representing the water table, MBFC, and Gage aquifers.  Figure 3-3 presents simulated 
versus observed vertical head differences.  Figures 3-4A through 3-4D present simulated 
drawdown contours and posted values of measured and simulated drawdown (or buildup) 
at the end of four extraction and four injection tests.  These figures also show the residual 
drawdown/buildup, which is the difference between the observed and simulated values.  
Appendix B presents simulated and measured drawdown (or buildup) hydrographs from 
eight extraction and four injection tests that were simulated as part of the calibration process 
for a large number of observation wells and pumping and injection wells. 











3.  MODEL CALIBRATION 



3-12 ES052008012SCO/BS2729.DOC/081490001 



Figures 3-1 through 3-4D demonstrate a good agreement between the observed and 
simulated water levels, vertical head differences, and aquifer test drawdown/buildup.  The 
scatter plot of measured and simulated water levels shown in Figure 3-1 has a slope that is 
similar to the line of perfect agreement (i.e., 1:1 slope), and is located relatively close to this 
line, indicating a good agreement between the simulated and measured heads in all units.   



The calibration error, as measured by the root mean squared (RMS) of simulated heads 
versus measured water level elevations, is 0.66 foot when data for all 320 monitoring wells 
are considered; this also indicates a good match between observed and simulated water 
levels. 



The comparison of interpreted and simulated water level contours in Figure 3-2 shows a 
close match.  Spatial changes in flow directions and gradients indicated by field data are 
reproduced by the calibrated model.   



The scatter plot of measured and simulated vertical head differences shown in Figure 3-3 is 
also located close to the line of perfect agreement, indicating good agreement between the 
simulated and measured vertical head differences.  The use of vertical head differences 
between the model layers as calibration targets allowed better estimates of vertical hydraulic 
conductivities than using water levels alone. 



The maximum drawdown and buildup plots shown in Figures 3-4A through 3-4D 
demonstrate a good match between measured and simulated response to groundwater 
extraction and injection.  The hydrographs in Appendix B also demonstrate that a good 
match between simulated and measured aquifer response is achieved at both small and 
large distances from the tested well, across aquifer units, and at both early and late times in 
the simulation. 



3.2.2 Transport Calibration  
The results of transport calibration are presented in Figures 3-5 through 3-7 for 
chlorobenzene, benzene, and p-CBSA.  Appendix C contains chemographs for hundreds of 
monitoring wells comparing simulated and measured chlorobenzene, benzene, and p-CBSA 
concentrations.  These results indicate a good match between measured and simulated 
concentrations of all three constituents.  The model reproduces the observed difference in 
the orientation of the chlorobenzene and p-CBSA plumes in the MBFC and the Gage 
aquifers.  The simulated chlorobenzene and p-CBSA plumes in the Gage aquifer are 
oriented slightly more to the east compared to the plumes of these constituents in the 
MBFC, which is consistent with field data.  The model also reproduced the major features of 
the plume including the plume width, length, direction, and concentration gradient between 
the core and edge of the plume.  The two lobes of the chlorobenzene and p-CBSA plumes 
identified in the Gage were reproduced by the model.  This was achieved by reproducing 
the vertical migration of these constituents from the MBFC to the Gage aquifer, which is 
consistent with the conceptual interpretation of field data.   



Simulated benzene concentrations also have a good match with the benzene field sampling 
data.  The simulated distance between the high-concentration benzene sources and the 
1-µg/L contour matches well with the interpreted field data.  The areas where a good match 
between the simulated and measured data has not been achieved usually have sparse field 
measurements (e.g.  in the MBFC aquifer, between monitoring wells SWL0065 and 
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SWL0018, where interpreted concentration contours have been extended from a monitoring 
well with a high detectable concentration to a distant monitoring well with concentrations at 
or near the detection limit).   



3.2.3 Contribution to Objective Function  
The contribution to the objective function from different calibration targets is presented in 
Figure 3-8.  Calibration weights were designed such that the pilot test responses were the 
most important target group, with secondary contributions from water levels, 
chlorobenzene, benzene, and p-CBSA concentrations, and with vertical water-level 
differences and mass targets as tertiary targets.  As a result, the baseline calibration accounts 
for a variety of measured and estimated parameters and is considered to be a reasonable 
representation of flow and contaminant transport conditions beneath the Dual Site. 



3.2.4 Calibrated Distributions of Model Parameters 
The calibrated distribution of horizontal and vertical hydraulic conductivity is presented in 
Figures 3-9A through 3-9H, and Figure 3-10.  Note that for the HSUs represented by 
multiple model layers such as MBFC, LBF, and GLA, the distribution of these properties is 
the same in all layers representing a given unit, and only the top layer is shown on the 
figures.  The calibrated recharge distribution is shown in Figure 3-11.  Calibrated storage 
coefficients are presented in Table 3-3. 



Calibrated transport parameters including porosity; longitudinal, transverse, and vertical 
dispersivity (DL, DT, and DZ); Kd; R; bulk density; and chlorobenzene and p-CBSA source 
concentrations are presented in Table 3-4. 



The values and distribution of model parameters obtained as a result of the baseline 
calibration are reasonable for the hydrogeologic system beneath the Dual Site.  However, as 
discussed above, this combination of model parameters resulting in a good match between 
the observed and simulated conditions may not be unique, and may be one of many 
possible and equally reasonable combinations that could be obtained using PEST 
calibration.  Consequently, as discussed in the failure analysis (Section 5 of this report), 
other combinations of model parameters were considered to assess the range of possible 
calibration solutions and the impact of these solutions on model predictions (see Section 5).  
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TABLE 3-3 
Calibrated Storage Coefficients 



Well Name 
HSU 



Parameter/ 
Units BF-22 BF-27 BF-28 BF-EW-1 BF-EW-2 BF-IW-1 BF-IW-2 G-EW-1 G-EW-2 G-EW-3 G-IW-1 G-IW-2 



UBF Sy 0.0044 0.095 0.029 0.035 0.013 0.065 0.0083 0.007 0.015 0.057 0.0095 0.0066 
MBFB Ss (1/ft) 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 2.3E-05 
MBFM Ss (1/ft) 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 
MBFC Ss (1/ft) 1.9E-05 1.2E-06 1.3E-05 2.2E-06 2.1E-05 1.5E-06 3.4E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07 2.9E-07 
LBF Ss (1/ft) 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 3.2E-06 
Gage Ss (1/ft) 1.3E-06 1.3E-06 1.3E-06 1.9E-07 1.9E-07 1.9E-07 1.9E-07 4.9E-06 4.9E-06 3.9E-06 4.1E-06 4.0E-06 
GLA Ss (1/ft) 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 9.8E-08 
Lynwood Ss (1/ft) 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 1.7E-07 



Notes: 
Sy – Specific yield  
Ss – Specific storage  
 



TABLE 3-4 
Calibrated Transport Parameters 



HSU Porosity 
DL 
(ft) 



DT 
(ft) 



Dz 
(ft) 



Chlorobenzene 
Source 
(µg/L) 



Chlorobenzene 
Kd 



(ml/g) 



Chlorobenzene 
R 



(neff = n) 



p-CBSA 
Source 
(µg/L) 



Benzene 
Kd 



(ml/g) 



Benzene 
R 



(neff = n) 



Benzene 
Half-Life
(days) 



Bulk 
Density 
(g/cm3) 



UBF 0.20 32 0.5 0.00100  0.0052 1.04  0.002 1.01 83 1.49 
MBFB 0.20 2.8 0.39 0.00088 310,000 0.069 1.51 490,000 0.012 1.09 130 1.49 
MBFM 0.12 2.4 0.49 0.00044 310,000 0.018 1.19 490,000 0.0062 1.06 84 1.25 
MBFC 0.12 63 0.5 0.00025 23,000 0.023 1.30 160,000 0.042 1.56 84 1.59 
LBF 0.05 44 0.5 0.00048 16,000 0.1 4.04 120,000 0.18 6.47 300 1.52 
Gage 0.12 15 0.19 0.00100 11,000 0.045 1.57 51,000 0.11 2.40 300 1.53 
GLA 0.12 24 0.5 0.00099  0.72 10.06  0.28 4.52 300 1.51 
Lynwood 0.12 31 0.5 0.00100  0.052 1.76  0.32 5.69 300 1.76 
Notes:  
g/cm3 – grams per cubic centimeter 
DL – longitudinal dispersivity  
DT – transverse to longitudinal dispersivity 
DZ – vertical to longitudinal dispersivity  











Water Level Residual Statistics



Count 320



Measured Maximum -5.02 ft-msl



Measured Minimum -29.30 ft-msl



Measured Range 24.28 ft



Maximum Residual 2.99 ft



Minimum Residual -2.17 ft



Mean Residual 0.21 ft



Absolute Mean Residual 0.44 ft



Root Mean Squared Residual 0.66 ft



RMS/Range 2.7%
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FIGURE 3-5
SIMULATED VS. 2006
CHLOROBENZENE DISTRIBUTION, 
BASELINE CALIBRATION
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FIGURE  3-6
SIMULATED VS. 2006 BENZENE 
DISTRIBUTION, BASELINE CALIBRATION
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FIGURE 3-7
SIMULATED VS. 2006 P-CBSA 
DISTRIBUTION, BASELINE CALIBRATION
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FIGURE  3-9A
CALIBRATED HORIZONTAL 
HYDRAULIC CONDUCTIVITY, 
BASELINE CALIBRATION 
UBF AQUITARD
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FIGURE 3-9B
CALIBRATED HORIZONTAL 
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FIGURE 3-9C
CALIBRATED HORIZONTAL 
HYDRAULIC CONDUCTIVITY, 
BASELINE CALIBRATION 
MBFB AQUIFER / 
MBFM AQUITARD
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FIGURE  3-9D
CALIBRATED HORIZONTAL 
HYDRAULIC CONDUCTIVITY, 
BASELINE CALIBRATION
MBFC AQUIFER



0 1,500 3,000



Feet



Hydraulic conductivity (ft/d)
0 - 0.00001



0.00001 - 0.000032



0.000032 - 0.0001



0.0001 - 0.00032



0.00032 - 0.001



0.001 - 0.0032



0.0032 - 0.01



0.01 - 0.032



0.032 - 0.1



0.1 - 0.32



0.32- 1



1 - 3.2



3.2 - 10



10 - 32



32 - 100



100 - 320



320 - 1,000



Model Boundary



Pilot point hydraulic
conductivity value (ft/d)



MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT



International
Light



Metals



Capital
Metals



Boeing
Facility



Former Montrose
Plant Property



Farmer Brothers



Former Del Amo
Plant Property



APC



Paccar



Jones Chemical



N
or



m
an



di
e 



A
ve



Carson St



Torrance Blvd



Del Amo Blvd



W
es



te
rn



 A
ve



405



110



Ve
rm



on
t A



ve



Southern Pacific
 R



ailro
ad



Kenwood Drain



Torrance Lateral



8



56



53



46



50



46



51



55



58



53



48



49



48



49



49



50



51



47



43



50



52



49



50



51



47



52



46



48



38



43



44



46



45



46



45



52



47



44



38



35



42



43



44



47



44



46



49



46



37



37



36



41



58



31



46



50



46



59



36



36



31



40



45



69



30



26



49



52



48



48



25



26
33



24



66



21



62



65



41



61



50



23



25



21



39



70



39



20



57



54



52



48



14



13



81



27



36



61



57



57



56



12



97



76



96



15



83



63



52



47



14



20



40



41



86



81



58



59



51



38



14



12



34



91



70



48



53



59



54



54



56



59



41



25



63



61



57



56



49



56



58



37



58



210



120



170



110
140



230



200



200



150



130



140
150



200



100



120



140



150



110



110



120











\\CABLECAR\PROJ\USEPA\COMMONFILES\MONTROSE_GW_REMEDY\MAPFILES\2008\MARCH_REPORT\UPDATED_MAPS\
HYDRAULIC_CONDUCTIVITY_LBF.MXD FIG3-9E_HYDRAULIC_CONDUCTIVITY_LBF.PDF 5/20/2008 22:41:02



FIGURE  3-9E
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FIGURE  3-9F
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FIGURE  3-9G
CALIBRATED HORIZONTAL 
HYDRAULIC CONDUCTIVITY, 
BASELINE CALIBRATION
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4. Wellfield Optimization  



A calibrated RD model was used for the development and optimization of the remedial 
wellfield.  The wellfield optimization methodology and the optimization results are 
discussed in this section. 



4.1 Wellfield Optimization Methodology 
The remedial wellfield optimization methodology described in this section was focused on 
the development of a remedial wellfield that can achieve all ROD requirements and account 
for design constraints in the most cost-effective manner.  Specifically, the optimization 
process was used to determine the minimum pumping rate of the overall remedial wellfield 
that will meet these requirements within the design constraints.  The overall pumping rate 
of the remedial wellfield is referred to as the “optimization target” in this analysis.   



As discussed in Section 1 of this report, the ROD (EPA, 1999) mandates a number of design 
requirements and specifications for the remedial wellfield.  Some of these requirements—
including the minimum total pumping rate of the remedial wellfield, indefinite containment 
within the CZ, containment of the overall contaminant distribution, reduction of the volume 
of water with concentrations of contaminants above drinking water standards to zero within 
certain timeframes, and certain pore-volume flushing rates within the contaminant 
distribution—must be achieved by the remedial wellfield.  These requirements are referred 
to as “hard remediation targets” for the purposes of this analysis.   



Some other ROD requirements—including limiting adverse migration of contaminants and 
redistribution of groundwater extraction as the contaminant plume shrinks—should only be 
achieved to the extent that they do not interfere with the hard remediation targets.  These 
requirements are referred to as “soft remediation targets.”  In addition, the wellfield design 
must account for constraints such as the access restrictions for the locations of wells and 
capacities of individual extraction and injection wells.   



To summarize, the RD optimization process had to account for multiple remediation targets, 
some of which were more critical than others, and consider numerous design constraints.  In 
addition, the optimization process had to account for the complicated conditions at the Dual 
Site, which included multiple contaminant plumes and source areas in multiple HSUs such 
as interconnected aquifers and aquitards.  In order to account for this level of complexity, it 
was decided that automatic optimization would be performed using an optimization 
software package that would be linked to the RD model of the Dual Site.   



Evaluation of several optimization software packages indicated that utilizing the 
optimization capabilities of PEST would be the most cost-effective approach for the remedial 
wellfield optimization.  While optimization programs other than PEST could potentially also 
be used for the wellfield optimization, linking them to the RD model would be a difficult, 
time-consuming, and expensive task given the complexity of the model.  In addition, other 
available optimization packages, such as global optimizer “Brute Force” or "Covariance 
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Matrix Adoption,” would require a much longer run-time for the optimization runs.  PEST, 
however, was already linked to the RD model as part of the calibration effort.  In addition, the 
applicability and effectiveness of using PEST for the RD modeling has already been tested 
and confirmed during the previous stages of work, while the applicability and effectiveness 
of other optimization programs has not been tested, and further verification and confirmation 
would be required.   



The mathematical procedure for PEST optimization is similar to that for calibration in terms 
of automatic minimization of the objective function.  However, in the case of optimization, 
the objective function is the sum of squared residuals of the remediation targets, which 
include the ROD requirements, and the minimum flow rate optimization target.   



In order to perform an automatic optimization using PEST, all ROD requirements as well as 
design constraints were translated into numerical measures that could be calculated at the 
end of a model run.  The hard targets were given higher weighting than the soft targets.  
The pumping rate minimization target was set up as a “soft” target (i.e., a target that is 
preferred but not required), and had lower weighting than the remediation targets (i.e., 
ROD requirements).  The optimization process was focused on minimizing the objective 
function by identifying the optimization parameters such as extraction and injection rates in 
individual remedial wells that were required to meet both the remediation targets and the 
overall pumping rate minimization target.   



Because the ROD also requires that the remedial wellfield meet the remediation targets with 
a sufficient degree of certainty even if actual site conditions differ from those assumed by 
modeling, the optimization process was designed to ensure that the optimized wellfield 
performs well under a range of plausible conditions.  This was achieved through failure 
analyses, which are discussed in detail in Section 5 of this report.  The methodology for 
failure analyses is also discussed in the Initial Calibration and Data Gap Analysis Report 
(CH2M HILL, 2005).   



The optimization approach discussed above allowed the development of a wellfield that is 
both reliable, with regard to achieving the remediation targets, and efficient, in that it uses 
the minimum amount of resources necessary to meet all remedial requirements.  The 
remediation targets, design constraints, and the optimization target are discussed in detail 
below. 



4.1.1 Remediation Targets 
Establishing the quantitative procedure for the evaluation of the remedial wellfield 
performance with regard to meeting the ROD requirements was an important part of the 
optimization methodology development.  To achieve this objective, the ROD requirements 
and specifications were translated into numerical targets that can be estimated by the model 
at the end of each optimization run.  Specifically, the following remediation targets (or 
target groups) were developed based on the ROD requirements:   



• Extraction rate target 
• Plume capture targets  
• Plume reduction and early time performance targets   
• Limiting adverse migration targets 
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Some targets are evaluated on an annual basis, while others are evaluated for each stress 
period of the simulation (i.e., for each successive configuration of extraction and injection 
wells).  The final weighting scheme for the remediation targets was developed iteratively, 
assigning greater weight to targets that were more difficult to achieve.  A brief description 
of each target or target group is presented below.   



Extraction Rate Target 
Based on the ROD requirements, hydraulic extraction will be performed at a combined 
initial pumping rate (sum of pumping rates of all individual extraction wells) as close to 
700 gpm as feasible.  The pumping rate may be increased, if required, to meet other 
remediation targets.  However, the pumping rate cannot be lower than 700 gpm.  
Consequently, the combined initial pumping rate of the remedial wellfield was not allowed 
to be less than 700 gpm in the PEST wellfield optimization simulations.  However, the total 
extraction rate was allowed to decline from 700 gpm when extraction wells reached cleanup 
levels and were deactivated during the simulation.   



Plume Capture Targets 
Plume capture targets include capture inside the CZ and capture of the overall contaminant 
distribution.  Each of these targets is discussed below. 



Capture Inside the CZ 
The ROD defines a CZ that was established on the basis of the technical impracticability (TI) 
waiver zone for the chlorobenzene and benzene plumes.  The CZ surrounds the NAPL (both 
DNAPL and LNAPL) in the region of groundwater as defined in the ROD.  The remedial 
actions should be implemented such that dissolved-phase contaminants and contaminants 
dissolving from NAPL within the CZ are prevented from escaping this zone and from 
entering the groundwater outside this zone (EPA, 1999).  The remediation target for capture 
of the chlorobenzene plume inside the CZ was incorporated into the model using the 
particle-tracking code MODPATH (USGS, 1994), which allows the model to track the 
particles of groundwater migrating outside the CZ.  Specifically, the following steps were 
implemented to incorporate the capture of the CZ target into the optimization simulations:  



• One hundred particles were started on a horizontal plane halfway between the top and 
bottom of each model grid cell within the CZ, and tracked downstream to the location 
where they exited the model.  Exit locations were defined as (1) remediation wells 
within the CZ, and (2) all other locations within the modeling domain. 



• The number of particles captured within the CZ, and the number of particles that 
escaped the CZ were reported in the model output files for each stress period.   



Capture inside the CZ was considered successful for each stress period if all particles exited 
the model at remediation wells inside the CZ.  If any number of simulated particles of 
groundwater were escaping hydraulic extraction wells and migrating downgradient, the 
objective function was increasing above the desired value and the remedial wellfield was 
adjusted accordingly to improve the CZ containment. 



Capture inside the CZ for the benzene plume could not be tracked using the particle-
tracking routine.  This is because particle tracking simulates advective transport (i.e., 
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transport with groundwater flow), and does not account for other processes including 
biodegradation, which have significant impact on the benzene transport.  Therefore, the CZ 
capture target for benzene was assessed using solute transport simulations.  Specifically, a 
“newly contaminated area” target was incorporated into the optimization simulations.  It 
was calculated based on the results of the solute transport simulations as the total area of 
model cells that exceed ISGS benzene levels for the current year, but not the previous year.  
This approach is discussed in detail in Section 4.1.1.5. 



Capture of the Overall Contaminant Distribution 
According to the ROD requirements, the site remedy shall achieve containment of the 
overall contaminant distribution, in a manner that does not permit the size of the 
chlorobenzene, benzene, and TCE plumes to increase once the remedial action is initiated.  
The chlorobenzene and benzene plumes were defined as the concentration distributions 
above the ISGS of these constituents including 70 µg/L for chlorobenzene and 1 μg/L for 
benzene.  Because the distribution and sources of TCE were not as well characterized as 
those for chlorobenzene and benzene, a capture target for the TCE plume was defined as 
capture of all groundwater beneath the high-concentration source areas at the APC and 
PACCAR properties in the MBFC and Gage aquifers (see Section 2.8.4 and Figure 2-9).  The 
capture target for the overall chlorobenzene distribution and for TCE distribution was 
incorporated into the model in a similar manner as the CZ capture target using the particle-
tracking code MODPATH (USGS, 1994).  Specifically, the following steps were 
implemented:  



• One hundred particles were started outside the CZ within the chlorobenzene plume, 
and within the TCE plume at the APC and PACCAR properties.  The particles 
originated on a horizontal plane halfway between the top and bottom of each model 
grid cell and were tracked downstream to the location where they exited the model.  
Particles were not started in model cells in the LBF and GLA aquitards, as the actual 
contaminant distribution in these units is highly uncertain.  Exit locations were defined 
as (1) remediation wells, and (2) all other locations within the modeling domain. 



• The number of particles captured within the CZ, and the number of particles that 
escaped the CZ were reported in the model output files for each stress period.   



Capture of the overall contaminant distribution was considered successful for each stress 
period if all particles exited the model at remediation wells.  If any number of simulated 
particles of groundwater were escaping hydraulic extraction wells and were migrating 
downgradient, the objective function was increasing above the desired value and the 
remedial wellfield was adjusted accordingly to improve the overall plume containment.   



The target for capture of the overall distribution for benzene was estimated in the same 
manner as the CZ capture target for benzene, because the transport of benzene is impacted 
significantly by the process of biodegradation and cannot be assessed using particle tracking 
(see Section 4.1.1.2).   



Plume Reduction and Early Time Performance Targets 
Plume reduction and early time performance targets include plume reduction rates and 
pore-volume flushing rates.  Each of these targets is discussed below. 
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Plume Reduction 
As discussed in the ROD, it is an explicit objective of this remedy to achieve significant 
reduction in the volume of contaminated groundwater outside the CZ in the early time 
period as simulated by the EPA-approved RD model.  To ensure that the remedy achieves 
the standards of the ROD in a reasonable timeframe, the ROD specifies volume-reduction 
rates for the chlorobenzene plume, with the focus on the MBFC and Gage aquifers (i.e., the 
main aquifers affected by the chlorobenzene contamination).  It requires that, at a minimum, 
the rate of plume reduction achieves the following performance criteria when simulated by 
the EPA-approved RD model: 



• 33 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
10 years. 



• 66 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
25 years. 



• 99 percent of the volume of the chlorobenzene plume outside the CZ shall be removed in 
50 years. 



Incorporation of the plume volume-reduction criteria into the model was accomplished as 
follows: 



• It was assumed that because model layer thicknesses were relatively uniform within an 
HSU, it was acceptable to evaluate the percent reduction of the area of the plume as a 
proxy for volume. 



• The plume area was estimated as the area of all model cells in the MBFC and Gage 
aquifers that were located within the chlorobenzene plume (i.e., within the distribution 
of chlorobenzene in groundwater that exceeds the ISGS level of 70 μg/L), except for the 
area of the plume located inside the CZ.   



• The plume-reduction calculations were further adjusted to ignore the area upgradient of 
the CZ, where the artificial propagation of the dissolved plume occurred as the result of 
numerical dispersion.  Specifically, simulated chlorobenzene behavior near chlorobenzene 
source cells in the model showed some unrealistic effects, which were attributed to 
numerical dispersion.  These artificial effects of numerical dispersion are not uncommon 
in MT3DMS solute transport simulations, and are a known shortcoming of the upstream 
finite-difference mathematical solution used by MT3DMS.  Numerical dispersion resulted 
in upgradient propagation of concentrations in the MBFC aquifer (due to the particular 
combination of simulated flow conditions and transport properties in that area), which is 
not expected during operation of the actual remedial system.  This upgradient 
propagation of the dissolved plume was also in contradiction with the simulated particles 
of groundwater started from the chlorobenzene source area, which were all captured 
downgradient of the source by CZ remedial wells and did not migrate upgradient into 
the area of the plume propagation.  This further confirms that the simulated upgradient 
propagation of the plume in this area is an art-effect of numerical dispersion and should 
not be considered during the optimization runs.   
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• Plume volume reduction was evaluated separately for the MBFC and Gage aquifers after 
10, 25, and 50 years of the implementation of remedial actions.  The remediation target 
values used by PEST were set to match the ROD requirements listed above.  The targets 
were set in such a manner that faster plume removal than specified in the ROD was 
permitted without penalty.  Annual plume-reduction targets, which were not required 
by the ROD, were added by linearly interpolating between the 10-, 25-, and 50-year 
targets to facilitate the optimization process.  The annual targets were weighted less than 
the 10-, 25-, and 50-year targets required by the ROD.   



Plume reduction was considered successful if the 10-, 25-, and 50-year targets were achieved, 
or if more plume reduction than required by the ROD was achieved at those times.  If the 
plume reduction targets were not achieved, it resulted in a larger (less-desirable) objective 
function.  Consequently, the remedial wellfield was adjusted for the subsequent optimization 
simulations to improve the remedial performance with regard to the plume reduction targets.   



Pore-Volume Flushing 
As discussed in the ROD, flushing of the aquifer is the process by which contaminants are 
pushed from the ground during hydraulic extraction of groundwater.  Greater pore-volume 
flushing should result in a more rapid exchange of groundwater through the contaminated 
area, producing faster cleanup.  The ROD specifies that the remedial actions shall be 
designed in such a way that, when modeled by the EPA-approved RD model: 



• At least one net pore volume of water per year be exchanged throughout the area of the 
above-ISGS concentrations of chlorobenzene outside the CZ in the MBFC and Lynwood 
aquifers. 



• At least 0.5 net pore volume of water per year be exchanged throughout the area of 
above-ISGS concentrations of chlorobenzene outside the CZ in the Gage aquifer. 



The pore-volume flushing rate target was estimated as follows: 



• A computer program, similar to that used for the JGWFS analysis, was created to 
calculate pore-volume flushing rates within the chlorobenzene plume outside the CZ.  
Although this method of estimating pore-volume flushing rates is based on the 
volumetric flux and represents a significant simplification of the natural system, it was 
used for this analysis to be consistent with the estimates performed for the JGWFS, 
which served as a basis for the ROD requirements. 



• The minimum, maximum, and mean pore-volume flushing rates were estimated for the 
MBFC and Gage aquifers. 



• The remediation target values for pore-volume flushing rates used by PEST were set to 
match the performance criteria specified in the ROD and listed above.  The targets were 
set such that higher pore-volume flushing rates than those specified in the ROD did not 
result in a penalty. 



Pore-volume flushing was considered successful for each stress period if the rates required 
by the ROD were achieved and/or exceeded.  Less pore-volume flushing than the target 
values resulted in a larger (less-desirable) objective function.  This target had lower 
weighting, however, than the plume containment and plume reduction targets, to ensure 
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that achieving pore-volume flushing did not take pre-eminence over other performance 
criteria.   



Limiting Adverse Migration Targets  
As discussed in the ROD, the remedial action shall limit the adverse migration of NAPL and 
dissolved-phase contaminants.  The ROD requires that the RD should be adjusted to 
prevent or reverse adverse migration, but limiting adverse migration shall not take pre-
eminence over other remediation objectives specified in the ROD and discussed above.  
Consequently, the adverse migration should be limited without reducing the pumping rates 
of wells required to meet the other ROD objectives.  This may include potentially adding 
containment wells in the impacted areas to offset adverse migration.   



The remediation targets that were developed for limiting adverse migration include targets 
for NAPL and dissolved-phase contamination.  Both of these targets are discussed below. 



Limit Adverse Migration of NAPL 
The ROD requires that the remediation actions limit downward migration of NAPL by 
limiting drawdown and changes in vertical gradients in the physical space where NAPL 
occurs.  In order to steer the optimization process toward the remedial wellfield that is less 
likely to mobilize NAPL, a remediation target for minimum increase in vertical gradients 
within the CZ, where NAPL occurs, was incorporated into the optimization simulations.  
Incorporation of the remediation target for minimum increase in vertical gradients into the 
model was accomplished as follows: 



• A computer program was developed that calculates the maximum vertical head 
difference between source areas defined in the CZ and an underlying aquifer including: 
− Between the UBF and the MBFC 
− Between the MBFB and the MBFC 
− Between the MBFC and Gage aquifers 



• The remediation target values for the vertical gradients used by PEST were set to less 
than or equal to the values of ambient gradients simulated under nonpumping 
conditions. 



Limiting adverse migration of NAPL was considered successful for each stress period if the 
downward gradients in NAPL areas were not increased.  This target had lower weighting 
with regard to its contribution to the objective function than the plume containment and 
plume reduction targets, to ensure that limiting adverse migration did not take pre-
eminence over other performance criteria.   



Limit Adverse Migration of Dissolved Contamination 
The ROD requires that the remedial action shall be designed to limit adverse migration of 
dissolved contaminants within the context of meeting all other provisions of the ROD.  
Adverse migration of dissolved contaminants is defined as movement of chlorobenzene, 
benzene, and TCE plumes to areas that are not presently affected by these plumes.  To 
account for adverse migration, an additional remediation target referred to as “newly 
contaminated area” was incorporated into the model as follows: 
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• The newly contaminated area was calculated as the total area of model cells that exceed 
ISGS levels for the current year, but did not at the previous year.  The newly 
contaminated area was calculated for each year, for each aquifer. 



• The optimization target value used by PEST for the newly contaminated area was set to 
zero square feet (i.e., no increase in contaminated area). 



As discussed above, this target also was used for assessing capture of the overall 
distribution for benzene.  This target had lower weighting with regard to its contribution to 
the objective function than the chlorobenzene plume containment and reduction targets; this 
was intended to ensure that limiting adverse migration did not take pre-eminence over 
other performance criteria.  Specifically, this lower weighting was performed in order to 
prevent the need for reducing the aggressiveness of the chlorobenzene remedy in order to 
minimize the adverse migration of other contaminants such as benzene and TCE.  Instead, it 
was assumed that additional pumping and/or injection would be added to the remedial 
wellfield, if required, to capture the areas impacted by adverse migration of these 
contaminants and pull these contaminants back into the CZ.   



Redistribution of Groundwater Extraction  
As discussed in the ROD, the volume of groundwater that is contaminated above ISGS 
concentrations will shrink during chlorobenzene plume reduction, and the downgradient 
portion of the plume will be eliminated before the portion of the plume located more 
proximally to the NAPL sources.  As the plume shrinks, the most downgradient hydraulic 
extraction wells will come to be located outside of the plume area.  If the pumping outside 
the plume were to continue, these wells would counter further progress in shrinking the 
plume as they pull contaminants back into previously treated areas.  To avoid this in 
practice (and correspondingly in the design of the modeling simulations), pumping from 
these wells is discontinued (turned off) at appropriate points in time as the plume shrinks 
and extraction wells come to lie outside the remaining plume area.  The ROD requires that 
pumping from such deactivated wells be reallocated (if necessary) to extraction wells still 
being pumped inside the remaining plume area.  Consequently, the reconfiguration of the 
initial wellfield with the subsequent redistribution of flow among the remaining wells needs 
to take place in the course of the remedial actions. 



In general, the more pumping from the deactivated wells is redistributed among the 
remaining wells, the more rapid cleanup of the remainder of the plume would occur outside 
the CZ.  However, the reallocation of too much pumping to wells located near the CZ could 
cause a breach of CZ containment, which is prohibited by the ROD.  This breach of 
containment, in turn, would complicate and very likely impede the cleanup of the 
remainder of the plume outside the CZ.  Attempting to counter such a breach by increasing 
extraction from the CZ wells to reestablish hydraulic control of the CZ is not practical, 
because groundwater extraction from these wells is limited by aquifer hydraulic properties.  
In addition, the increase in extraction from the CZ wells could potentially mobilize DNAPL. 
Therefore, the redistribution of pumping was simulated and optimized so as to achieve a 
balance between the ROD goals of (1) redistributing as much flow as possible from 
deactivated wells to minimize the cleanup time, and (2) maintaining hydraulic containment 
of the CZ. 
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To achieve this balance, the optimization process included the reduction of the total 
pumping rate of the remedial wellfield, if redistributed flow would cause the breach of CZ 
containment.  As a result, the optimized total extraction rate of the remedial wellfield 
decreased as more wells became deactivated, while the flow rates of remaining individual 
wells increased (see Section 4.2, Table 4-3). 



The optimization process was designed to account for the wellfield reconfiguration and 
redistribution of flow each time one or more wells achieved threshold (i.e., target shutdown) 
concentrations (see Section 4.2.1).  The fraction of redistributed flow was optimized for each 
reconfigured wellfield to achieve the ROD objectives.  As the simulated concentrations in 
extraction wells dropped below a threshold concentration, the wells were deactivated, and 
the remaining wells were optimized. 



In order to implement an automatic optimization of the flow redistribution, a command 
(batch) file was developed and used for running multiple model runs using both 
MODFLOW and MT3DMS.  The command file was written so that the model run was 
stopped each time the concentration in any of the extraction wells dropped below a 
threshold concentration.  The threshold concentration was adjusted during PEST 
simulations to optimize achievement of the ROD requirements.  For each subsequent model 
run, all wells in which concentrations dropped below the threshold concentration were shut 
down and pumping was redistributed among the remaining wells.  The final concentrations 
from the previous run were used as initial concentrations for the subsequent run.  These 
model runs were repeated until the plume reduction requirement in the ROD was met. 



Some modifications to the MT3DMS code were made to minimize the amount of time 
required for the model flow redistribution runs.  Ordinarily, MT3DMS halts a run after a 
specified duration of simulated time.  In the case of flow-redistribution runs, it was 
impossible to determine in advance how long each run should continue before one or more 
wells reached threshold concentrations.  This could result in extensive wasted computing 
time; for example, if a 30-year run time is specified and the concentrations in wells drop 
below the threshold after 10 years, computing time for the final 20 years would be wasted.  
The MT3DMS code was modified to allow automatic termination of the model run after one 
or more wells achieve the threshold concentrations.  Modifications to the MT3DMS code are 
described in Appendix C.   



The redistribution of flow between the wells was performed as follows:   



• Constant pumping rates were assigned directly to the CZ containment extraction wells, 
and to the TCE containment wells.   



• The CZ containment well pumping and TCE pumping was subtracted from the total 
optimized flow rate of the remedial wellfield, and the fractions of the remaining flow 
were redistributed among the wells outside the CZ to achieve the ROD requirements. 



• The redistribution process was repeated each time when one or more wells were 
shutdown, and the additional flow from deactivated wells was redistributed among the 
remaining wells.  As discussed in Section 4.1, the optimization process was focused on 
minimizing the objective function by identifying the pumping and injection rates in 
individual wells that were required to meet the ROD requirements.  As a result, the 
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additional redistributed flow was reduced as necessary by the optimization process to 
prevent breach of the CZ containment.   



• A similar fraction-assignment process was used to assign flow rates to injection wells. 



• The optimized total flow for each wellfield configuration was calculated as the initial 
total flow, minus the flow from deactivated wells, plus the reallocated portion of flow 
from deactivated wells.   



This flow redistribution process ensures that remedial extraction remains optimized as the 
size and the shape of the plume changes in the course of remedial actions.   



4.1.2 Remedial Design Constraints 
The RD must be constrained by realistic physical limitations, such as maximum capacities of 
extraction and injection wells, and realistic locations for pumping and injection wells, which 
consider access restrictions and other considerations.  For the purposes of automatic 
optimization, these constraints had to be translated into numerical equivalents and 
incorporated into the model, so that unrealistic well locations and pumping/injection rates 
were eliminated from consideration.  A brief description of the implementation of each RD 
constraint is provided below. 



Locations of Extraction and Injection Wells 
Because the remedial wellfield will be installed in a developed area, limited locations are 
available for extraction and injection wells.  Initial wellfield configuration was developed in 
consultation with Shell and Montrose based on the October 2006 distribution of contaminant 
concentration data, and available data regarding the access restrictions.   



The initial configuration of the remedial wellfield included a relatively small number of 
injection and extraction wells in order to reduce the number of stagnation zones within the 
plume.  In general, any two extraction wells in the same aquifer will have a stagnation zone 
between them, which can slow the rate of plume reduction.  Because of this, using only as 
many extraction wells as necessary to achieve the ROD requirements and maintaining the 
right balance between the factors listed above and the reliability of the remedial wellfield is 
preferred to operating more wells.  In addition, this approach improves the implementability 
and cost-effectiveness of the remedy.  In the process of optimization, the well locations were 
further adjusted, and several extraction and injection wells were added to the remedial 
wellfield in order to improve the wellfield performance with regard to meeting the 
remediation targets (see Section 4.2).  Access restrictions and other factors were also 
considered for these additional wells.   



Maximum Capacities of Wells 
Maximum capacities of individual extraction and injection wells were estimated by H+A 
based on the results of pilot test data at installed wells, and from aquifer characteristics at 
proposed well locations.  The flow rates of individual wells were limited in the optimization 
process by these maximum capacities.  If the ROD requirements could not be achieved with 
all wells operating at or below their maximum capacities, additional well locations were 
added, and the system was optimized again.   
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4.1.3 Optimization Target 
As discussed above, the ROD requires a minimum pumping rate of 700 gpm for the 
remedial wellfield.  Consequently, the pumping rate optimization target was set up to 
700 gpm, and the optimization process was used to identify the most efficient distribution of 
pumping that can achieve the ROD requirements at a flow rate that is as close as possible to, 
but not less than, 700 gpm.   



The pumping rate optimization target for the remedial wellfield was incorporated into 
optimization simulations as a “soft” target, compared to the “hard” remediation targets 
such as plume volume reduction, plume containment, etc.  This means that given similar 
performance in achieving remediation targets, the wellfield that meets the pumping rate 
optimization target would be selected.   



4.2 Remedial Wellfield Optimization Results  
This section discusses the results of the remedial wellfield optimization including 
(1) specifications for the optimized remedial wellfield, which were used to develop an OOD, 
and (2) comparison of the simulated wellfield performance to the remediation targets 
discussed in Section 4.1.1.  The OOD is discussed in detail in the Overall Operational Design 
Report (CH2M HILL, 2008).  Appendix A contains a DVD with an electronic copy of the 
complete set of optimized wellfield simulations using the calibrated RD model. 



4.2.1 Specifications for the Optimized Remedial Wellfield 
The specifications for the optimized remedial wellfield discussed below include the 
following:   



1. Locations and rationale for the extraction and injection wells in the overall system (in 
both areal dimensions and depth/HSU dimensions), as well as the approximate number 
of extraction and injection wells based on the assumed or estimated well capacities;  



2. Optimized flow rates of the remedial wellfield including the initial total pumping rate of 
the remedial wellfield, initial rates of extraction and injection wells, and maximum flow 
rates of individual wells;  



3. Operational considerations for the remedial wellfield including concentration target 
shutdown levels for shutting down extraction wells, general guidance for redistributing 
flow between the wells, and considerations pertaining to operation of the wells involved 
in maintaining containment of the CZ as specified in the ROD; and  



4. Estimated (modeled) influent concentrations of chlorobenzene, benzene, and p-CBSA, 
including flow-weighted average concentrations and well-specific concentrations.   



Please note that engineering specifications for wells, conveyances, or treatment systems, 
including materials, conveyance alignments, injection controls, equipment, systems design, or 
any other such engineered characteristics were not included in the scope of these modeling 
activities.  The specifications for the optimized remedial wellfield discussed in this section 
also do not include contingencies that should be incorporated in the formal design due to 
uncertainty in future operational needs and conditions.  It also should be recognized that 
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these specifications were developed based on the currently available information, and as new 
information is obtained—especially field operational data during remedy implementation—
the wellfield may need to be reoptimized and adjusted to ensure compliance with ROD 
requirements (for instance, modifying pumping rates and/or adding wells).   



Locations and Approximate Number of Extraction and Injection Wells  
This section presents the optimized locations for the remedial wells, including both 
extraction and injection wells.  One well per location was assumed for the purposes of this 
optimization effort.  This assumption was made based on the available data regarding the 
hydrogeologic properties of the formation and the estimated capacities of the existing wells 
(i.e., based on the design constraints).  However, if it is determined during the design or 
remedy implementation that the required flow rate cannot be achieved at certain locations 
with just one well, additional wells will need to be installed at these locations to meet the 
requirements of the ROD.  These additional wells should be installed in the general vicinity 
of the proposed locations, but at a sufficient distance from existing extraction and/or 
injection wells to avoid interference between the wells (i.e., significant impact on drawdown 
or buildup in the adjacent wells).   



Figures 4-1A through 4-1C show the locations of the remedial wells, including injection and 
extraction wells in the water table, MBFC, and Gage aquifers.  The coordinates of these wells 
are presented in Table 4-1.  The overall optimized remedial wellfield includes a total of 
17 extraction wells (3 wells in the water table aquifer, 7 wells in the MBFC, and 7 wells in the 
Gage aquifer), and 6 injection wells (3 wells in the MBFC and 3 wells in the Gage aquifer).  
Of these wells, 6 extraction wells and 4 injection wells have already been installed as part of 
the pilot testing program (Figures 4-1A through 4-1C).   



TABLE 4-1 
Coordinates of Proposed Locations for Extraction and Injection Wells 



Well-ID 
Easting  



(feet) 
Northing  



(feet) 



UBA-EW-A 4196962 4056685 



UBA-EW-B 4197737 4056797 



MBFB-EW-1 4197447 4056528 



BF-EW-1 4197422 4056537 



BF-EW-2 4198681 4054093 



BF-EW-B 4197901 4055049 



BF-EW-D 4199017 4053193 



BF-EW-M 4196962 4056685 



BF-EW-N 4197737 4056797 



BF-EW-TCE 4197700 4058500 



G-EW-1 4197413 4056557 



G-EW-2 4199810 4053771 



G-EW-3 4197124 4054177 
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TABLE 4-1 
Coordinates of Proposed Locations for Extraction and Injection Wells 



Well-ID 
Easting  



(feet) 
Northing  



(feet) 



G-EW-B 4198806 4055526 



G-EW-E 4200180 4053281 



G-EW-O 4198712 4054397 



G-EW-TCE 4197700 4058500 



BF-IW-1 4194654 4057024 



BF-IW-2 4200276 4054984 



BF-IW-E 4194114 4057626 



G-IW-1 4194654 4057065 



G-IW-2 4199886 4056660 



G-IW-D 4199664 4057762 



Note:  
Datum used for well coordinates is MNAD27 (Modified State Plane Zone VII NAD 
27 feet). 



 
As discussed above, the initial locations for the remedial wells were selected based on the 
configuration of the contaminant plumes and site access considerations.  The CZ extraction 
wells are located in each impacted aquifer (i.e., water table aquifer, MBFC, and Gage 
aquifer) within the CZ, downgradient of the source area.  The plume-reduction wells, in 
general, are located along the central axis of the contaminant plumes.  The well locations 
were refined based on the optimization process in order to achieve the requirements and 
standards of the ROD.  For example, the locations of the plume-reduction wells were 
adjusted and moved further downgradient from the CZ so that these wells would not 
interfere with the CZ containment wells (i.e., would not pull contaminated groundwater out 
of the CZ).   



The optimization process resulted in adding several extraction and injection wells to the 
remedial wellfield.  Wells BF-EW-M and BW-EW-N were added to improve the CZ 
containment in the MBFB aquifer (Figure 4-1A).  Additional extraction well G-EW-E was 
added at the toe of the chlorobenzene plume in the Gage aquifer in order to meet the ROD 
requirement for the overall chlorobenzene plume containment and volume reduction 
(Figure 4-1C).  A failure of plume containment in this area would pose a significant risk to 
downgradient receptors and may cause rapid migration of contaminants both laterally and 
vertically.  The Gage aquifer is a drinking water aquifer and several municipal wells are 
located in relatively close proximity to the toe of the chlorobenzene plume.  The hydraulic 
gradient is significantly steeper at the downgradient edge of the chlorobenzene plume in the 
Gage aquifer, possibly due to the impact of the downgradient municipal extraction.  This 
makes hydraulic containment more difficult.  Any potential increase in downgradient 
extraction from the municipal wells could result in further increase of the hydraulic gradient 
and greater loss of plume containment.  Because the existing downgradient well, G-EW-2, 
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has a limited specific capacity (see Section 4.2.1.2), an additional extraction well in this area 
is critical for the reliable containment and subsequent success of the remedy.   



Also as a result of the optimization process, the locations and flow rates of injection wells 
were adjusted and one well was added to the remedial wellfield in order to reduce the 
adverse impact of remedial pumping on other contaminant plumes such as the TCE and 
benzene plumes.  As a result, injection at the Del Amo site will be performed in two Gage 
injection wells (existing well G-IW-2 and new well, G-IW-D, which was added during 
optimization) in order to reverse the downward gradient between the MBFC and Gage 
aquifers in the area where elevated concentrations of benzene and TCE are present in the 
MBFC (Figure 4-1C).  Reversing the downward hydraulic gradient in this area will prevent 
the vertical migration of TCE and benzene into the Gage aquifer and will ensure 
containment of these contaminants within the CZ in the MBFC.   



The primary rationale for the locations of each extraction and injection well is presented in 
Table 4-2. 
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TABLE 4-2 
Rationale for Locations of Remedial Wells  



Location Rationale 



MBFB-EW-1 Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-A Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-B Containment of the chlorobenzene plume within the CZ in the water table aquifer 



BF-EW-1 Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-M Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-N Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-B Reduction of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-D Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-TCE Containment of the TCE plume migration from upgradient sources in the MBFC  



G-EW-1 Containment of the chlorobenzene plume within the CZ in the Gage aquifer 



G-EW-B Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-3 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-O Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-E Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer  



G-EW-TCE Containment of the TCE plume migration from upgradient sources in the Gage aquifer  



BF-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-E Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-2 Disposal of treated groundwater and flushing the plume toward extraction wells in the 
MBFC 



G-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the Gage aquifer 



G-IW-2 Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 



G-IW-D Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 
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Optimized Flow Rates of the Remedial Wellfield  
This section discusses the optimized flow rates for the remedial wells, including the total 
pumping rate of the initial remedial wellfield, the initial rates of individual extraction and 
injection wells, and the maximum flow rates of individual wells.   



Total Flow Rate of Initial Remedial Wellfield(s)  
Based on the optimization modeling, a total extraction rate of 729 gpm is required to achieve 
the ROD standards (Table 4-3).  This includes extraction of 700 gpm to address the ROD 
standards for the chlorobenzene and benzene plumes, and extraction of 29 gpm to address 
the ROD standards for the TCE plume.   



Initial Flow Rates of Individual Wells  
The optimized flow rates for extraction and injection are included in Table 4-3.  These 
include the initial flow rates and subsequent redistribution of pumping and injection after 
the concentrations in some wells decrease below threshold shutdown levels and those wells 
are shut down.  The initial flow rates of wells are also shown in Figures 4-1A through 4-1C 
for the water table, MBFC, and Gage aquifers.   



Maximum Flow Rates of Individual Wells  
The maximum rates for individual wells are provided in Table 4-3.  For some extraction 
wells, the maximum rates are higher than the initial rates, because additional pumping may 
need to be added to those wells as part of pumping redistribution to meet ROD standards 
after shutting down the wells that have achieved threshold concentration levels.  
Consequently, the RD should ensure that the wells have sufficient capacity to achieve these 
rates, if required.  For injection wells, the maximum flow rates shown are the same as the 
initial rates.   



Based on pilot testing data presently available, existing wells appear to have sufficient 
capacity to achieve maximum flow rates, if required (Table 4-3).  However, actual field 
conditions may differ from previously estimated values.  Consequently, additional 
contingency should be considered for the design of remedial wells.  Further, the maximum 
flow rates discussed in this report should not define the capacity of the treatment system 
and conveyances.  As discussed above, treatment system capacity should be designed with a 
sufficient margin of contingency due to uncertainty in future operational needs and 
conditions. 



Operational Considerations for the Remedial Wellfield  
The ROD requires reduction in the volume of the chlorobenzene plume outside the CZ to 
zero over time.  The optimization process accounted for this by simulating shutdown of 
remedial extraction wells at the simulated time when the contaminant concentrations in 
these wells decreased below a certain threshold level, as explained below.  This threshold 
level is referred to as the “target shutdown level” in the following discussion.   



 











4.  WELLFIELD OPTIMIZATION 
 



ES052008012SCO/BS2729.DOC/081490001 4-17 



TABLE 4-3 
Optimized Flow Rates for Remedial Wells  



Time Period/Duration (years) 



Redistribution of Pumping after Clean Wells 
Start Shutting Down 



Aquifer 
Well 



Identification 



Initial 
Flow 
Rates  



(0 to 15) 
15 – 18/ 



3  
18 – 26/ 



8  
26 – 30/



4 
30 – 32/ 



2 



Maximum 
Flow 
Rate 



(gpm) 
Estimated 
Capacity 



Extraction Well Rates (gpm) 



UBA-EW-A 6.0 6.0 6.0 6.0 6.0 6.0 12 



UBA-EW-B 12.0 12.0 12.0 12.0 12.0 12.0 24 
Water 
Table 



MBFB-EW-1* 4.0 4.0 4.0 4.0 4.0 4.0 4 



BF-EW-1* 35.0 35.0 35.0 35.0 35.0 35.0 35 



BF-EW-2* 67.6 68.5 75.1 77.0 79.9 79.9 90 



BF-EW-B 63.9 64.8 71.0 72.9 75.6 75.6 80 



BF-EW-D 132.4 134.2 Well shut 
down 



Well shut 
down 



Well shut 
down 134.2 140 



BF-EW-M 35.0 35.0 35.0 35.0 35.0 35.0 NA 



BF-EW-N 35.0 35.0 35.0 35.0 35.0 35.0 NA 



MBFC 



BF-EW-TCE 12.0 12.0 12.0 12.0 12.0 12.0 NA 



G-EW-1* 120.0 120.0 120.0 120.0 120.0 120.0 250 



G-EW-2* 29.5 29.9 32.7 33.6 Well shut 
down 33.6 70 



G-EW-3* 24.9 25.3 27.7 Well shut 
down 



Well shut 
down 27.7 30 



G-EW-B 57.1 57.9 63.5 65.1 67.6 67.6 80 



G-EW-E 29.5 Well shut 
down 



Well shut 
down 



Well shut 
down 



Well shut 
down 29.5 50 



G-EW-O 48.1 48.7 53.4 54.8 56.8 56.8 60 



Gage  



G-EW-TCE 17.0 17.0 17.0 17.0 17.0 17.0 NA 



Total Extraction Rate of 
the Remedial Wellfield  729.0 705.4 599.4 579.5 555.9   



Injection Well Rates (gpm) 



BF-IW-1* 39.9 38.6 32.6 31.4 30.1 39.9 130 



BF-IW-2* 39.9 38.6 32.6 31.4 30.1 39.9 150 MBFC 



BF-IW-E 56.8 54.8 46.3 44.7 42.7 56.8 70 



G-IW-1* 312.5 302.0 254.8 245.9 235.3 312.5 610 



G-IW-2* 125.4 121.2 102.2 98.7 94.5 125.4 350 Gage  



G-IW-D 125.4 121.2 102.2 98.7 94.5 125.4 260 



Note:  
* Wells installed for pilot testing 
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As the simulation proceeded after the shutdown, the flow was then redistributed among the 
remaining extraction wells.  Considering the redistribution of flow (pumping) in the 
optimization process allowed for the more effective use of extraction wells and resulted in a 
lower optimized total flow rate for the remedial wellfield than that estimated without 
considering flow redistribution.  Further evaluation of the optimized flow redistribution in 
modeling runs indicated that the following aspects pertaining to the operation of the 
remedial wellfield should be considered and accounted for during the RD and remedy 
implementation:  



• Target shutdown levels for extraction wells  
• General guidance for redistributing flow between the wells  
• Operation of CZ containment wells  



Target Shutdown Levels for Extraction Wells  
The optimization simulations of the remedial wellfield indicated that the target shutdown 
level for contaminant concentrations, at which extraction wells can be turned off, is an 
important parameter that should be considered for the development of the performance 
monitoring program and during remedy implementation.  Specifically, the modeling results 
indicated that shutting off extraction wells at concentrations equal to the ISGS level for 
chlorobenzene (70 µg/L) would result in a loss of hydraulic containment for part of the 
chlorobenzene plume.  As this uncaptured portion of the plume migrates downgradient, 
previously cleaned areas of the aquifer would become recontaminated.  This is because the 
need for downgradient containment is not eliminated when the contaminant concentration 
in a plume-reduction well reaches the ISGS level.  For example, an extraction well located at 
the toe of the chlorobenzene plume could extract groundwater from both upgradient 
locations with contaminant concentrations above the ISGS and from downgradient locations 
where groundwater is already below ISGS levels.  In this example, the resulting diluted 
contaminant concentrations in the well could be below the ISGS levels; however, if this well 
is shut off, the above-ISGS concentrations from the upgradient areas can escape the 
extraction system.   



Based on the modeling optimization runs, using a target shutdown level of 10 to 15 µg/L of 
chlorobenzene is more appropriate than the ISGS level, because it does not result in the 
contaminant plume escaping downgradient containment.  A detailed discussion pertaining 
to the monitoring and sampling procedures required for shutting down remedial wells, and 
the rationale for the concentration target shutdown levels will be included in the Monitoring 
and Compliance Plan (MACP), which will be prepared in 2008.   



Redistributing Flow  
The modeled distribution of flow between the extraction and injection wells for five 
consecutive simulated time periods is presented in Table 4-3.  The initial time period 
terminates after 15 years, when the concentration in well G-EW-E decreases below the target 
shutdown level of 10 µg/L.  The second time period starts with well G-EW-E being shut 
down and the flow from this well being redistributed between the remaining wells.  The 
second time period and each subsequent time period also terminate when the concentrations 
in at least one extraction well drop below the target shutdown level.  Each time, the flow is 
redistributed between the remaining wells in a manner that allows the most cost-effective 
achievement of ROD standards.   
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A number of operational issues have been identified by modeling in the process of the 
remedial wellfield optimization simulations; these issues should be considered during the 
design and operation of the remedial wellfield, and include the following:  



• Additional pumping should not be redistributed to the CZ containment wells (unless 
monitoring during remedy implementation demonstrates the lack of capture) as it may 
induce horizontal and/or vertical gradients in the DNAPL source area.   



• Flow redistribution should be performed in a manner that does not result in creating 
interference (i.e., competition for capture) between the CZ containment wells and the 
wells located downgradient of the CZ.  The significant increase in flow rates in wells 
located downgradient of the CZ containment wells may cause a loss of capture in the CZ 
and result in contaminated groundwater bypassing CZ containment wells and 
migrating toward the wells with increased extraction.  Consequently, only a portion of 
the flow from the cleaned up wells may need to be redistributed between the remaining 
wells.  Additional modeling runs using the revised numerical model of the Dual Site 
should be performed each time the flow from clean wells needs to be redistributed 
between the remaining wells to optimize the performance of the remedial wellfield.   



• The optimized amount of injection into the Gage aquifer significantly exceeds injection 
into the MBFC.  This distribution of injection helps to mitigate the adverse vertical 
migration of DNAPL and dissolved contaminants into the Gage aquifer.  When the 
amount of water available for injection decreases because of reduced extraction, injection 
in the MBFC wells should be stopped or reduced first.  Injection in the Gage well located 
west of the Montrose site (well G-IW-1) can be reduced with further reduction of 
pumping.  However, injection rates should be maintained at Gage injection wells 
(G-IW-2 and G-IW-D) located at the Del Amo site to prevent vertical migration of TCE 
and benzene from the CZ in the MBFC into the Gage aquifer.   



Operation of CZ Containment Extraction and Injection Wells  
Most plume-reduction wells will be shut down after meeting the ROD requirements.  
However, as required by the ROD, the CZ containment wells will operate indefinitely or 
until the sources of contamination are removed and the groundwater within the CZ is 
remediated.  This includes the CZ containment extraction wells UBA-EW-A, MBFB-EW-1, 
and UBA-EW-B in the water table aquifer; BF-EW-1, BF-EW-M, and BF-EW-N in the MBFC; 
and G-EW-1 in the Gage aquifer.  In addition, Gage injection wells G-IW-2 and G-IW-D are 
also considered to be CZ containment wells because these wells prevent vertical migration 
of TCE and benzene from the CZ in the MBFC into the Gage aquifer (Table 4-2).  Extraction 
and injection rates of the CZ containment wells can be adjusted upon shutting down other 
remedial extraction wells.  It is expected that the amount of extraction from the CZ 
containment wells will be sufficient to maintain adequate injection into the CZ injection 
wells at the Del Amo site.   



It is assumed for the purposes of this RD, that the TCE containment wells BF-EW-TCE and 
G-EW-TCE also will operate indefinitely or until the upgradient sources of contamination 
are removed and the groundwater at the upgradient locations is remediated.  Additional 
modeling runs using the revised numerical model of the Dual Site can be performed to 
determine the flow rates of the CZ containment wells and TCE containment wells when the 
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chlorobenzene plume-reduction wells achieve cleanup standards and are no longer in 
operation. 



Simulated Treatment System Influent Concentrations 
Simulated influent concentrations of chlorobenzene, benzene, and p-CBSA for each well are 
presented in Tables 4-4 through 4-6.  These tables also present the flow-weighted average 
concentration for each of these constituents.  The estimates of contaminant concentrations 
are presented for a simulated duration of remedial action of 32 years.  Modeling results 
indicate that the ROD requirements pertaining to the reduction of the chlorobenzene plume 
will be met after 32 years and most remedial wells will be shut down at that time.  The CZ 
containment wells will be in operation indefinitely, and it can be assumed for the purposes 
of the design that the concentrations in these wells will stay constant.   



While the estimates of contaminant concentrations presented in Tables 4-4 through 4-6 
should be used for the design of the treatment facility, these estimates do not include the 
contingency that should be incorporated in the formal design due to uncertainty associated 
with modeling estimates of contaminant concentrations and future operational needs and 
conditions.  In general, the early-time estimates of influent concentrations are expected to be 
more accurate than the late-time concentrations, because they are less impacted by the 
modeling uncertainties and uncertainties associated with future conditions.   



The influent concentrations of TCE are not presented in this report, because modeling of the 
solute transport of TCE was not included in the scope of optimization modeling (see 
Sections 2 and 3). 



4.2.2 Comparison of Simulated Wellfield Performance to Remediation Targets 
This section presents a comparison of the performance of the optimized remedial wellfield 
to the remediation targets (i.e., the ROD requirements).  As discussed in Section 4.1, these 
requirements include:  



• Minimum total pumping rate of the remedial wellfield 



• Indefinite containment within the CZ 



• Containment of the overall contaminant distribution 



• Reduction of the volume of water with concentrations of contaminants above drinking 
water standards to zero within certain timeframes 



• Certain pore-volume flushing rates within the contaminant distribution 



• Limiting adverse migration of contaminants 



• Redistribution of groundwater extraction as the contaminant plume shrinks 
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TABLE 4-4 
Simulated Chlorobenzene Influent Concentrations 



Simulated Chlorobenzene Influent Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 7,711 1,746 4,449 2,010 22,974 17,361 11,677 1,838 28,912 19,003 4,581 294 660 1,595 236 179 
1 4,490 13,172 3,565 7,275 17,199 8,882 6,250 1,405 12,556 7,044 3,094 157 910 1,915 167 114 
2 3,242 21,038 3,050 12,017 12,522 4,938 4,287 880 7,625 5,775 2,470 118 927 1,674 126 105 
3 2,648 25,533 2,593 16,388 9,731 2,865 3,076 543 6,265 5,147 2,416 94 896 1,371 96 114 
4 2,306 27,723 2,246 20,196 8,079 1,744 2,238 339 5,825 4,726 2,398 76 842 1,095 75 132 
5 2,091 28,615 2,029 23,491 7,071 1,120 1,630 217 5,658 4,426 2,370 64 775 873 59 157 
6 1,953 28,892 1,942 26,399 6,443 759 1,181 144 5,584 4,213 2,341 54 700 701 47 184 
7 1,863 28,937 1,970 29,019 6,044 538 850 99 5,548 4,062 2,318 46 621 570 38 212 
8 1,805 28,929 2,083 31,401 5,790 395 610 70 5,527 3,958 2,300 40 540 466 31 239 
9 1,769 28,926 2,252 33,547 5,627 297 437 52 5,514 3,886 2,286 35 460 385 25 264 



10 1,746 28,937 2,450 35,443 5,521 228 315 40 5,504 3,835 2,276 31 386 320 21 286 
11 1,732 28,949 2,651 37,074 5,452 177 229 31 5,497 3,800 2,269 28 318 267 17 304 
12 1,723 28,950 2,840 38,435 5,405 139 170 25 5,490 3,775 2,263 25 258 223 15 318 
13 1,717 28,930 3,008 39,537 5,374 111 129 21 5,485 3,758 2,259 23 207 186 12 326 
14 1,712 28,888 3,151 40,401 5,351 91 100 17 5,479 3,745 2,256 21 164 156 11 329 
15 1,708 28,823 3,268 41,058 5,335 75 80 15 5,475 3,736 2,254 19 129 131 9 327 
16 1,759 28,815 3,346 41,345 5,295 62 66 13 5,480 3,696 2,247 16 100 110 9 315 
17 1,753 28,744 3,408 41,592 5,283 53 56 11 5,480 3,684 2,246 14 78 92 9 301 
18 1,748 28,650 3,458 41,748 5,274 46 49 10 5,477 3,677 2,245 13 60 77 9 283 
19 2,021 28,839 3,376 39,847 5,010 35 40 7 5,445 3,464 2,227 14 45 71 9 256 
20 2,005 28,831 3,340 39,179 4,975 31 34 5 5,442 3,426 2,229 14 34 60 9 229 
21 1,994 28,755 3,329 38,668 4,960 27 30 4 5,440 3,409 2,231 14 26 51 9 203 
22 1,985 28,652 3,327 38,241 4,951 25 27 3 5,437 3,402 2,232 14 20 43 9 178 
23 1,977 28,539 3,327 37,880 4,945 23 24 2 5,435 3,397 2,232 14 16 37 8 154 
24 1,970 28,425 3,327 37,576 4,940 21 22 2 5,433 3,395 2,232 13 13 32 8 133 
25 1,963 28,315 3,327 37,324 4,935 20 21 2 5,431 3,393 2,231 12 10 28 8 114 
26 1,958 28,210 3,327 37,115 4,932 18 19 1 5,428 3,392 2,231 12 8 24 8 97 
27 2,009 27,827 3,357 36,766 4,893 17 18 1 5,326 3,418 2,212 11 7 22 7 83 
28 2,003 27,641 3,375 36,594 4,883 17 18 1 5,307 3,428 2,211 11 6 20 7 71 
29 1,999 27,499 3,391 36,477 4,878 16 17 1 5,301 3,432 2,213 10 5 17 7 60 
30 1,996 27,381 3,407 36,397 4,874 15 16 1 5,298 3,435 2,213 9 4 15 6 51 
31 2,078 27,343 3,402 36,223 4,854 14 15 1 5,305 3,409 2,207 8 4 13 6 41 
32 2,075 27,271 3,404 36,135 4,849 14 15 1 5,306 3,403 2,208 7 4 12 6 35 
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TABLE 4-5 
Simulated Benzene Influent Concentrations 



Benzene Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 48 1,210 0 4,872 74 19 22 0 34 17 0 0 0 0 0 0 
1 7.2 216 0 791 10 3 3 0 6 -15 0 0 0 2 0 0 
2 3.1 139 0 257 5 1 1 0 4 -7 0 0 0 3 0 0 
3 2.5 127 0 141 4 0 0 0 4 1 0 0 0 2 0 0 
4 2.4 125 0 117 4 0 0 0 4 3 0 0 0 2 0 0 
5 2.4 125 0 111 4 0 0 0 4 4 0 0 0 1 0 0 
6 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
7 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
8 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
9 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 



10 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
11 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
12 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
13 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
14 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
15 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
16 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
17 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
18 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
19 2.7 126 0 97 4 0 0 0 4 4 0 0 0 0 0 0 
20 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
21 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
22 2.7 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
23 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
24 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
25 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
26 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
27 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
28 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
29 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
30 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
31 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
32 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
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TABLE 4-6 
Simulated p-CBSA Influent Concentrations 



p-CBSA Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 39,989 68,022 28,607 12,086 86,737 98,080 113,356 12,013 99,514 38,787 17,264 7,300 5,687 22,155 4,824 297 
1 23,821 73,417 15,494 71,516 75,177 48,303 46,404 10,355 62,022 21,919 10,206 3,581 6,785 16,269 4,295 755 
2 17,622 64,895 11,512 87,800 63,133 26,706 27,326 6,921 46,371 24,554 10,625 2,749 5,861 11,164 3,551 1,082 
3 13,951 58,248 8,978 87,227 53,334 14,914 17,254 4,354 41,350 25,933 10,656 2,071 4,938 7,402 2,857 1,673 
4 11,738 54,448 7,466 82,275 46,733 8,639 11,159 2,693 39,751 26,322 10,501 1,538 4,069 4,951 2,287 2,329 
5 10,412 52,703 6,790 78,210 42,701 5,260 7,255 1,672 39,204 26,368 10,358 1,141 3,268 3,413 1,843 2,914 
6 9,613 52,103 6,692 76,174 40,339 3,362 4,718 1,057 39,000 26,333 10,259 854 2,552 2,429 1,504 3,351 
7 9,123 52,021 6,909 75,726 38,979 2,236 3,078 686 38,916 26,293 10,195 650 1,935 1,775 1,245 3,614 
8 8,812 52,109 7,243 76,138 38,200 1,533 2,029 458 38,876 26,266 10,154 505 1,427 1,321 1,047 3,710 
9 8,608 52,206 7,579 76,860 37,752 1,078 1,365 316 38,854 26,252 10,127 400 1,025 997 892 3,661 



10 8,466 52,257 7,865 77,582 37,492 777 947 224 38,839 26,246 10,110 323 720 761 771 3,492 
11 8,361 52,257 8,090 78,177 37,339 575 683 164 38,828 26,246 10,099 264 497 588 673 3,230 
12 8,280 52,216 8,261 78,622 37,246 438 515 123 38,819 26,250 10,091 219 338 460 594 2,902 
13 8,214 52,149 8,392 78,936 37,188 344 406 94 38,810 26,255 10,087 184 228 364 528 2,535 
14 8,159 52,070 8,495 79,153 37,150 279 333 74 38,803 26,262 10,083 157 153 291 473 2,155 
15 8,112 51,987 8,582 79,304 37,124 234 284 59 38,795 26,268 10,081 135 103 235 426 1,786 
16 8,311 52,049 8,600 78,930 36,901 197 246 49 38,869 26,020 10,057 111 69 195 519 1,411 
17 8,275 52,001 8,639 78,805 36,870 172 219 41 38,881 25,981 10,056 103 47 161 555 1,111 
18 8,247 51,933 8,684 78,716 36,853 153 198 35 38,879 25,969 10,055 99 33 133 567 861 
19 9,474 52,392 8,365 74,251 34,919 117 167 22 38,662 24,373 9,984 106 23 135 575 619 
20 9,418 52,377 8,257 72,674 34,738 102 145 15 38,662 24,158 10,000 106 16 119 565 457 
21 9,385 52,272 8,215 71,569 34,678 91 128 10 38,662 24,089 10,005 103 12 102 548 341 
22 9,362 52,147 8,196 70,782 34,653 83 116 8 38,660 24,066 10,006 98 9 87 526 258 
23 9,346 52,024 8,190 70,235 34,638 76 105 6 38,657 24,059 10,006 91 8 75 502 200 
24 9,334 51,908 8,191 69,862 34,627 69 97 5 38,654 24,057 10,006 84 6 64 478 158 
25 9,324 51,799 8,199 69,613 34,619 64 90 4 38,650 24,058 10,006 77 5 56 453 128 
26 9,317 51,698 8,211 69,448 34,612 59 84 3 38,647 24,059 10,006 70 4 50 429 106 
27 9,571 51,010 8,308 68,922 34,337 55 79 2 37,870 24,281 9,917 65 5 46 406 87 
28 9,563 50,756 8,373 68,816 34,289 51 74 2 37,778 24,357 9,924 59 5 42 384 73 
29 9,560 50,578 8,431 68,803 34,272 47 70 2 37,757 24,391 9,929 53 5 39 362 63 
30 9,558 50,439 8,481 68,828 34,263 44 66 1 37,750 24,408 9,932 48 5 37 342 55 
31 9,956 50,446 8,468 68,609 34,130 41 63 1 37,821 24,207 9,903 47 5 35 319 49 
32 9,950 50,364 8,478 68,526 34,111 38 59 1 37,837 24,168 9,903 45 5 34 299 44 
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The compliance of the optimized remedial wellfield with these targets is discussed below. 



Containment of CZ and Overall Contaminant Distribution 



Chlorobenzene 
The optimized wellfield captures 100 percent of the chlorobenzene CZ, the overall 
chlorobenzene plume, and the area of TCE beneath the high-concentration sources at the 
PACCAR and APC properties.  Figure 4-2A shows particle-tracking results illustrating 
hydraulic capture of these areas using the initial optimized wellfield.  Figures 4-2B through 
4-2E indicate that successful capture of the CZ and the overall distribution is maintained as 
the plume reduction progresses and wells that achieve target shutdown levels are 
deactivated.   



Benzene 
As discussed above, the benzene containment was evaluated using solute transport 
simulations because the transport of benzene is significantly impacted by the process of 
natural biodegradation.  The results of the benzene solute transport simulations are 
discussed in Section 4.2.2.4.  A three-dimensional animation of benzene plume behavior is 
presented in Appendix E. 



Plume Reduction   
The optimized wellfield achieves chlorobenzene plume-reduction targets at 10, 25, and 
50 years in both the MBFC and Gage aquifers (Figures 4-3, and 4-4A through 4-4C).  The 
optimized wellfield reduces the chlorobenzene plume in both aquifers faster than required 
by the minimum plume reduction standard, which is 50 years.  As shown in these figures, 
the target of 99 percent plume reduction is achieved after 32 years versus 50 years.  A three-
dimensional animation of chlorobenzene plume reduction is presented in Appendix E. 



Pore-Volume Flushing  
The optimized wellfield achieves the pore-volume flushing ROD requirement throughout 
most of the MBFC and Gage plumes (Figures 4-5A and 4-5B).  The exception to this is 
several very small areas (few model cells) with a lower flushing rate (i.e., stagnation areas), 
which occur between extraction wells.  As shown in Figures 4-5A and 4-5B, only two model 
cells in the MBFC, and six model cells in the Gage aquifer did not meet the pore-volume 
flushing rate remediation targets.  These areas of lower flushing rates comprise less than 
one-half of 1 percent of the total plume area.   



Adverse Migration 



NAPL 
As discussed in Section 4.1, the remediation target for minimum increase in vertical 
gradients beneath NAPL areas was included in the optimization process to limit the adverse 
migration of NAPL in response to pumping.  However, some increase in vertical gradients 
in NAPL areas could not be avoided in order to meet the remediation targets of plume 
reduction and containment.  In the DNAPL source area, downward head differences 
increased by about 0.1 foot (from 0.2 to 0.3 foot) compared to the ambient (before remedial 
pumping) head difference between the water table and the MBFC aquifers.  This increase is 
relatively small, but may still have some limited impact on the vertical migration of 
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DNAPL.  In the LNAPL source area, downward head differences increased by about 0.3 foot 
(from 1.8 to 2.1 feet) from the ambient head difference between the water table and the 
MBFC aquifers (see Figure 4-6).  This small change in vertical head differences is not 
expected to have a significant impact on LNAPL trapped below the water table.   



The ambient downward head differences between the MBFC and Gage aquifers ranged 
from 0.5 to 1.7 feet in the DNAPL and LNAPL source areas.  These downward gradients 
were entirely reversed through the optimized extraction and injection configuration, 
resulting in upward head differences.  A well-pronounced groundwater mound created by 
injection in the Gage aquifer is shown in Figures 4-7A and 4-7B.  This change in vertical flow 
direction will tend to prevent any further downward migration in the LNAPL source areas 
from the MBFC into the Gage aquifer.   



Dissolved Contamination 
The optimized wellfield performs reasonably well at limiting adverse migration of dissolved 
contaminants.  However, some gradient increases were observed within the dissolved 
contaminant distributions.  In addition, activating the remedial system causes gradient 
directions to change in some areas, and portions of the plume reorient to match the new 
flow directions.   



Modeling results indicate that operation of the remedial wellfield may cause some adverse 
migration of dissolved benzene.  Figure 4-7A shows the distribution of benzene after 1 year 
of the remedial wellfield operations in the water table, MBFC, and Gage aquifers.  This 
figure indicates that the benzene plume appears to be reasonably contained by natural 
biodegradation in the water table aquifer, where benzene occurs at the highest 
concentrations and has the largest extent.  The modeling results indicate, however, that 
some slight increase in the benzene distribution may occur outside the CZ in the MBFC, 
near the southern boundary of the Del Amo site near the waste pits.  This slight increase is 
attributed to the fact that the start of the remedial pumping temporarily disturbs the relative 
equilibrium of the benzene plume maintained by natural biodegradation and causes the 
plume to reorient.  However, based on modeling, the reoriented benzene plume reaches a 
new equilibrium within a few years and does not advance from the reoriented position 
(Figure 4-7B).   



The simulated increase in the area impacted by benzene also can be attributed in part to the 
numerical dispersion.  The impacts of numerical dispersion on the solute transport 
simulations of the benzene plume were demonstrated during the grid refinement analysis 
(CH2M HILL, 2006b).  In addition, as discussed in Section 2.8.1, the concentrations of 
simulated benzene sources in the MBFC, near the waste pit source area, could be 
overestimated because the 2008 sampling data for MBFC wells located in this area were 
much lower than historical data used to establish the source terms in the model.  Based on 
the above, the slight increase in the area impacted by benzene does not appear to warrant 
active hydraulic containment at this time.  The performance monitoring program will be 
designed, however, to monitor benzene migration outside the CZ during the remedy 
implementation, and the need for active containment will be reassessed based on the results 
of this monitoring. 
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Figure 4-7A also shows that areas impacted by low-concentration benzene in the MBFC 
within the chlorobenzene plume, and in the Gage aquifer, also increase after 1 year of 
remedial pumping.  However, both of these areas are contained by the remedial wells and 
will be remediated within the same timeframe as the chlorobenzene plume.  Figure 4-7B 
shows that benzene in these areas is mostly remediated after 32 years of remedial 
operations.  
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FIGURE 4-2C
SIMULATED CAPTURE 
AFTER BF-EW-D SHUTDOWN
(18 - 26 YEARS)
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-2D
SIMULATED CAPTURE 
AFTER G-EW-3 SHUTDOWN
(26 - 30 YEARS)
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-2E
SIMULATED CAPTURE 
AFTER G-EW-2 SHUTDOWN
(30 - 32 YEARS)
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-4A
SIMULATED CHLOROBENZENE 
PLUME REDUCTION, 10 YEARS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-4B
SIMULATED CHLOROBENZENE 
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MODEL DEVELOPMENT AND REMEDIAL 
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FIGURE 4-4C
SIMULATED CHLOROBENZENE 
PLUME REDUCTION, 32 YEARS
MODEL DEVELOPMENT AND REMEDIAL 
WELLFIELD OPTIMIZATION REPORT
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FIGURE 4-5A
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FIGURE 4-5B
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FIGURE 4-7A
SIMULATED BENZENE PLUME 
AFTER 1 YEAR
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5. Wellfield Failure Analysis 



This section discusses the methodology and results of failure analysis of the optimized 
remedial wellfield.  As discussed in Section 3.1, groundwater flow and transport models are 
generally nonunique, and a similar quality of calibration can be achieved with a number of 
different model parameter combinations.  Consequently, a number of models can be 
developed using PEST, all of which would be reasonably well-calibrated and based on 
equally viable hydrogeologic parameters for a given physical system.  These calibrated 
models may differ, however, with regard to predictions pertaining to the performance of the 
remedial wellfield.  The objective of the wellfield failure analysis discussed in this section is 
to account for the issues pertaining to the nonuniqueness of the model calibration, and 
assess if some viable calibration solutions may result in failure of the optimized remedial 
wellfield.  The results of this analysis will be used for the development of the MACP to 
ensure that adequate monitoring is performed in areas of potential remedy failure.  In the 
case of significant remedy failure under the plausible calibration scenario(s), the 
modifications to the optimized remedial wellfield also may be considered to ensure that the 
remedy is sufficiently robust to achieve ROD standards under a range of plausible 
conditions.   



5.1 Wellfield Failure Analysis Methodology 
As discussed in the Initial Calibration and Data Gap Analysis Report (CH2M HILL, 2005), 
there are several methods that could be used to assess the range of model predictions with 
regard to the performance of the remedial wellfield.  One of the most comprehensive 
methods involves Monte Carlo analysis, in which each calibration parameter is assigned a 
random value, and a set of stochastic fields is generated—each based on what is known 
about the amount of heterogeneity prevailing within an area.  While this full stochastic 
analysis would provide the most comprehensive information and most quantitative 
assessment of the modeling uncertainty, it was determined during previous modeling 
efforts that the MT3DMS code was not stable enough to support the use of this method for 
the complex RD model of the site (CH2M HILL, 2005).  In addition, a stochastic approach 
would result in an unacceptably large increase in computational requirements.  Therefore, 
an alternative method of predictive calibration was selected for the failure analysis to assess 
the predictive uncertainty of the model with regard to the performance of the remedial 
wellfield.  The use of this method greatly reduced the cost and duration of the modeling 
effort.   



Predictive calibration/failure analysis involves the use of “predictive targets” in the 
calibration process in addition to the calibration targets.  The predictive targets for the 
failure analysis were opposites of the remediation targets used in optimization runs.  For 
example, during wellfield optimization, a hydraulic containment target would be set so that 
zero particles escaping containment counted as success during adjustment of pumping 
rates.  During failure analysis, remedial pumping rates would be held constant, and the 
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containment target would be set so that aquifer properties would be adjusted to permit 
some percentage of particles to escape containment. 



In the process of the failure analysis, the model runs were performed using PEST in both 
calibration and predictive modes.  PEST was provided with an objective function, which 
was the sum of squared residuals of both the calibration and predictive failure targets.  This 
process was designed to identify (if possible) a viable combination of model parameters that 
calibrates the model just as well as the baseline calibration, but causes the optimized 
remedial wellfield to fail in achieving one or more of the ROD requirements.  The objective 
of these simulations was to obtain the maximum range of possible plausible predictions of 
the calibrated model(s) with regard to the performance of the remedial wellfield (i.e., assess 
the predictive uncertainty of the model).   



During this failure analysis, the optimized remedial wellfield was tested with regard to 
achieving the following remediation targets: 



• Capture of the overall chlorobenzene distribution and CZ in the MBFC 
• Capture of the overall chlorobenzene distribution and CZ in the Gage aquifer 
• Chlorobenzene plume reduction in the MBFC 
• Chlorobenzene plume reduction in the Gage aquifer 
• Limiting adverse migration of benzene in the MBFC aquifer 



These targets were selected because they were considered to be the most critical for the 
success of the remedy.  If the predictive calibration runs were not able to identify a viable 
combination of model parameters (which would calibrate the model and cause failure of the 
optimized remedial wellfield to achieve the remediation targets), the optimized wellfield 
would be considered sufficiently robust to perform adequately under a range of plausible 
conditions.  However, if one or more calibrated models developed during the failure 
analysis result in the remedial wellfield failure to meet these targets, then further 
modification of the remedial wellfield and/or additional performance monitoring of the 
potential failure areas would be required to address this issue.    



5.2 Failure Analysis Results  
This section presents the results of failure analysis for each of the selected remediation 
targets.   



5.2.1 Capture of the Overall Chlorobenzene Distribution and CZ Targets 
A failure analysis was performed for hydraulic capture of the chlorobenzene plume outside 
the CZ in the MBFC.  In an attempt to verify if a failure of containment is plausible, a 
predictive calibration target was added to the model to cause 10 percent of the plume to 
escape the capture of the optimized remedial wellfield.  The failure analysis runs indicated 
that it is impossible to identify a viable combination of model parameters that would result 
in both (1) a well-calibrated model, and (2) the breach of capture in the MBFC by the 
optimized remedial wellfield.  While the size of the capture zone was slightly reduced 
during failure analysis compared to that under baseline calibration, the entire plume 
remained adequately contained (Figure 5-1A).  This result demonstrated that the optimized 











5.  WELLFIELD FAILURE ANALYSIS 



ES052008012SCO/BS2729.DOC/081490001 5-3 



remedial wellfield is sufficiently robust with regard to capture of the chlorobenzene plume 
in the MBFC. 



A similar failure analysis was performed for hydraulic containment of the chlorobenzene 
plume in the Gage aquifer.  This failure analysis also indicated that a set of viable model 
parameters that can both calibrate the model and cause chlorobenzene plume capture in the 
Gage aquifer to fail does not exist (Figure 5-1B).  Consequently, the optimized remedial 
wellfield is equally robust with regard to capture of the chlorobenzene plume in the Gage 
aquifer. 



Based on the above results, the uncertainty of model predictions with regard to plume 
capture is relatively small.  This can be explained by the fact that the accuracy of modeling 
predictions with regard to capture depends primarily on the quality of the flow calibration.  
The flow calibration of the RD model is considered to be exceptional, because it is based on 
a large data set of aquifer response data from multiple pilot tests covering a large portion of 
the modeling domain.  The number of combinations of viable hydraulic properties that 
could calibrate the model to the pilot test results is very limited compared to other 
groundwater models calibrated only to static water levels, which is common practice.  
Consequently, the failure analysis could not identify an alternative set of hydraulic 
parameters that could calibrate the model to the pilot test data and cause the containment of 
the plume to fail.  For example, the failure analysis run for the Gage plume capture was 
required to maintain calibration to pilot test data including data for well G-EW-2, which is 
located in the vicinity of the downgradient edge of the chlorobenzene plume (Figure 5-1B).  
However, it was determined to be essentially impossible to maintain calibration to the 
G-EW-2 drawdowns and substantially change hydraulic properties of the model from those 
identified during the baseline calibration.  Because the baseline calibration parameters and 
remedial wellfield flow rates result in capture of a greater area than the plume in the Gage 
aquifer, failure analysis does not change this result.   



Particle-tracking results from the wellfield optimization also were examined to identify how 
far the capture zone of CZ wells extended into the MBFC and Gage aquifers (Figures 5-1A 
and 5-1B).  In both the MBFC and Gage aquifers, the simulated capture zone extended 300 to 
400 feet beyond the CZ.  Pilot tests were conducted at wells BF-EW-1 and G-EW-1 within 
the CZ.  Any formal failure analysis addressing containment of the CZ would be required to 
maintain calibration to pilot test data from these wells.  Based on PEST’s inability to reduce 
the capture zone for the overall chlorobenzene distribution in both the MBFC and Gage 
aquifers, it was concluded that similar results could be expected for CZ containment.  
Consequently, the wellfield performance with regard to capture of the CZ was considered 
sufficiently robust.   



5.2.2 Plume Reduction Targets 
A failure analysis also was performed to assess the reliability of chlorobenzene plume 
reduction by the optimized remedial wellfield in both the MBFC and Gage aquifers.  For the 
MBFC failure analysis run, a predictive failure target was added to cause plume reduction 
at 10 years to fail by 10 percent (i.e., for the plume to be reduced by 23 percent, instead of 
the 33 percent required by the ROD).  This attempt to cause a failure of the plume reduction 
target in the MBFC was unsuccessful, although the rate of plume reduction was somewhat 
slower for the failure run compared to that estimated for the baseline calibration 
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(Figure 5-2).  In the baseline calibration, the MBFC plume is reduced by 99 percent after 
32 years; but in the failure analysis run, the 99 percent plume reduction was achieved after 
40 years, which is still within the 50 years required by the ROD.  The only scenario in which 
the optimized wellfield did not achieve 99 percent plume reduction in the MBFC in 50 years 
had unrealistic transport parameters such as a porosity of 47 percent.  This value of porosity 
disagrees with the site conceptual model and laboratory analysis of samples at the site.  
Based on the above, the performance of the optimized remedial wellfield with regard to 
plume reduction in the MBFC is considered to be reliable and robust under the range of 
plausible conditions.   



A similar failure analysis was performed to assess the reliability of the chlorobenzene plume 
reduction in the Gage aquifer (Figure 5-2).  Similar to the MBFC plume reduction failure 
analysis, a predictive failure target was added to the model to cause plume reduction at 
10 years to fail by 10 percent (i.e., for the plume to be reduced by 23 percent, instead of the 
33 percent required by the ROD).  This attempt to cause failure of the plume reduction 
target in the Gage aquifer also was unsuccessful, although the overall rate of plume 
reduction was somewhat slower for this failure analysis run compared to that for the 
baseline calibration.  In the baseline calibration, the Gage plume is reduced by 100 percent 
after 32 years.  In the failure analysis run, the cleanup time was increased to over 45 years, 
which is still within the 50 years required by the ROD.  Other attempts to achieve failure of 
plume reduction targets in the Gage aquifer indicated that it is only possible by degrading 
the quality of the chlorobenzene calibration in the Gage aquifer to an unacceptable level.  
Based on the above, the performance of the optimized remedial wellfield with regard to 
plume reduction in the Gage aquifer is considered to be reliable and robust under the range 
of plausible conditions. 



However, it is important to note that the uncertainty associated with the modeling 
simulations of the solute transport, including plume reduction times, is generally higher 
than that associated with the plume containment simulations.  As discussed in the Initial 
Calibration and Data Gap Analysis Report (CH2M HILL, 2005), Kd appears to have the 
highest contribution to the predictive uncertainty of the model with respect to the clean up 
times in both the MBFC and Gage Aquifer.  However, because of the significant variability 
of Kd in the natural systems, and because the field experiments required to quantify this 
parameter are complicated, costly, time-consuming, and ordinarily ineffective, uncertainty 
associated with Kd could not be appreciably reduced during the data acquisition efforts.  In 
addition, the phenomenon of “slow desorption or irreversible sorption, ”2 which may have 
a significant impact on the actual cleanup times, could not be accounted for in the model, 
because of the limitations of the MT3DMS code, which does not allow for this level of 
complexity in representation of dissolved/sorbed contaminant interaction.  As the result of 
this process, the actual clean up times may be longer than those estimated by the model. 



   



                                                      
2 Recent research on the ability of chemical compounds to completely desorb from a solid indicates that solid-phase 
contaminant concentrations can exceed the concentration predicted based on the aqueous-phase contaminant concentration 
and distribution coefficient (Fu et al. 1994; Kan et al., 1997; Pignatello and Xing, 1995). This phenomenon could be explained 
as slow desorption or irreversible sorption. It is reported that this situation generally happens in materials that have been in 
contact with contaminants for long time periods and have low solid-phase contaminant concentrations, which normally are less 
than 20 milligrams per kilogram (Bedient et al., 1999). 
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5.2.3 Limiting Adverse Migration of Benzene Targets 
A failure analysis was performed to assess the uncertainty of modeling predictions with 
regard to adverse migration of benzene in the MBFC aquifer.  The objective of this run was 
to determine whether a greater amount of adverse migration of benzene outside the CZ 
(compared to that simulated using the baseline calibration) could occur under a different set 
of viable model parameters.  A predictive failure target was added to the model to induce 
benzene migration from the CZ.  The model was then recalibrated with a different set of 
model parameters required to achieve this increase in benzene migration.  While the failure 
run was able to increase the amount of adverse benzene migration in the MBFC, this 
increase was not significant compared to that produced using the baseline calibration 
(Figure 5-3).   



The simulated increase in the benzene distribution was most notable near the southern 
boundary of the Del Amo site, downgradient of the waste pits, where benzene migrated 
outside the CZ.  The mechanism for this adverse migration of benzene was likely similar to 
that observed under the baseline calibration conditions.  The start of remedial pumping 
temporarily disturbed the relative equilibrium of the benzene plume maintained by natural 
biodegradation and caused the plume to reorient.  However, the reoriented benzene plume 
reached a new equilibrium within several years and did not advance from the reoriented 
position.   



Similar to the results produced using the baseline model, the benzene migration in the 
failure run is likely attributed in part to numerical dispersion.  In addition, as discussed 
above, the modeled benzene sources in the MBFC near the waste pit source area may be 
somewhat overestimated based on the most recent sampling results (see Section 2.8.1).  
Based on these results, the slight increase in benzene migration achieved during this failure 
analysis does not appear to warrant additional active containment at this time.  However, 
the performance monitoring program should be designed to address the uncertainty 
associated with the potential benzene migration in this area.  
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FIGURE  5-1A
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6. Conclusions and Recommendations 



Presented below are the conclusions and recommendations developed based on the results 
of these modeling activities: 



1. Numerical RD Model of the Site.  The comprehensive RD model of the Dual Site was 
developed during these modeling activities.  The model was based on the extensive 
body of information collected during the RI/FS and RD investigations.  It was calibrated 
to numerous water level data, pilot test drawdown/drawup data, and solute transport 
data for three different contaminants including chlorobenzene, benzene, and p-CBSA.  
The model was reviewed and approved by EPA, Montrose, Shell, and other stakeholders 
as an appropriate tool for the initial optimization of the remedial wellfield and for the 
future evaluation of the performance of the remedial wellfield in the process of remedial 
actions.  It is recommended, however, that the RD model be revised for the continued 
support of the remedial actions based on the new operational data that will be obtained 
after the system startup.  It is expected that the initial hydraulic data obtained after the 
remedial system startup will be very important for the verification of the current 
modeling assumptions and further improvement of the RD model.   



2. Optimized Remedial Wellfield.  Modeling results indicated that the optimized 
remedial wellfield achieves and exceeds the ROD requirements and complies with the 
design constraints.  Based on the RD model, the optimized remedial wellfield also is 
sufficiently robust and capable of achieving the ROD requirements under a range of 
plausible conditions. 



However, please note that the specifications for the optimized remedial wellfield 
discussed in this report were developed based on the currently available information, 
and as new information is obtained—especially field operational data during remedy 
implementation—the wellfield may need to be reoptimized and adjusted to ensure 
compliance with ROD requirements.  In addition, certain physical processes such as the 
process of slow desorption, which may have a significant impact on the actual cleanup 
times, could not be accounted for in the model because of the limitations of the available 
solute transport programs.  



3. TCE Containment.  The level of uncertainty associated with the performance of the 
remedial wellfield with regard to capture of the TCE plume is higher than that for 
chlorobenzene and benzene.  This is because the TCE plume is not sufficiently 
characterized compared to the chlorobenzene and benzene plumes.  Based on the above, 
additional data may need to be collected as part of the formal design and/or remedial 
construction of the TCE remedial system.   



4. Adverse Migration of Benzene.  Modeling results indicated that operation of the 
remedial wellfield may cause some adverse migration of dissolved benzene, which will 
result from reorientation of benzene distribution to the west.  However, the reoriented 
benzene plume will likely reach a new equilibrium within a few years because of the 
natural biodegradation of benzene and will not likely migrate from the original 
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reoriented position.  The modeled increase in the benzene distribution also may be 
attributed in part to the numerical dispersion, and in part to the potential overestimate 
of the strength of modeled benzene sources in the MBFC near the waste pit source area.  
Based on the above, active containment of benzene in the MBFC is not warranted at this 
time.  The performance monitoring program should be designed, however, to monitor 
benzene migration outside the CZ during the remedy implementation, and the need for 
active containment should be reassessed based on the results of this monitoring.   



5. CZ Containment.  As required by the ROD, the CZ containment wells will operate 
indefinitely or until the sources of contamination are removed and the groundwater 
within the CZ is remediated.  The flow rates of the CZ containment wells should be 
adjusted after the cleanup of the dissolved plumes is completed and the wells outside 
the CZ are shut down.   



6. Target Shutdown Levels.  The optimization simulations of the remedial wellfield 
indicated that the target shutdown level for contaminant concentrations, at which 
extraction wells can be turned off, should be lower than the ISGS level for chlorobenzene 
of 70 µg/L.  This is because the need for downgradient containment is not eliminated 
when the contaminant concentration in a plume-reduction well reaches the ISGS level.  
Based on the modeling optimization runs, using a target shutdown level of 10 to 
15 µg/L of chlorobenzene is more appropriate than the ISGS level, because it does not 
result in the contaminant plume escaping downgradient containment.  The target 
shutdown levels for the remedial wells should be further assessed during the 
development of the MACP. 



7. Pumping Redistribution.  The optimization simulations also indicated that 
(1) additional pumping should not be redistributed to the CZ containment wells (unless 
monitoring during remedy implementation demonstrates the lack of capture) as it may 
induce horizontal and/or vertical gradients in the DNAPL source area; (2) flow 
redistribution should be performed in a manner that does not result in creating 
interference (i.e., competition for capture) between the CZ containment wells and the 
wells located downgradient of the CZ; (3) the amount of injection into the Gage aquifer 
should exceed injection into the MBFC through the duration of the remedial actions 
because it helps to mitigate the adverse vertical migration of DNAPL and dissolved 
contaminants into the Gage aquifer; and (4) injection rates should be maintained at Gage 
injection wells (G-IW-2 and G-IW-D) located at the Del Amo site to prevent vertical 
migration of TCE and benzene from the CZ in the MBFC into the Gage aquifer, and 
these wells should be considered as the CZ containment wells.   
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Appendix A 
Baseline Calibrated Model and Optimized Wellfield Simulation 
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Appendix B 
Simulated Pilot Test Hydrographs 
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Appendix C 
Simulated Chlorobenzene, Benzene, and p-CBSA Chemographs 
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Modifications to MT3DMS Code 
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3D Animations of Optimized Wellfield Performance
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Hi Jim,
 
It is a good question - and a somewhat complicated response.  Actually, the problem
 with pCBSA adsorption on GAC is that pCBSA is highly soluble and does not want to
 sorb onto GAC particles.  So it passes right by the "sorb sites", so even when there is
 breakthrough for pCBSA, the GAC still has lots of available "sorb sites" for other
 chemicals that are not as water soluble.
 
I recall a study a long time ago on GAC adsorption for multiple chemicals, where one of
 the chemicals was water soluble similar to pCBSA.  The study concluded that the
 water soluble chemical had adsorbed just near the inlet of the GAC and passed
 through the other sections.  I don’t recall the theory.  In general, some COCs are
 adsorbed more preferentially than others. Anyway, also the GAC in this treatment
 train is not the real workhorse for removing the COCs – the HiPox/air stripper is
 designed to lower the COC concentrations to injection standards. The GAC system
 serves as a polishing step for some COCs that are not fully removed by the upstream
 processes.
 
We did conduct a GAC test for Montrose groundwater a few years ago.  (I have
 attached the output graph).  I don’t know if we calculated a Koc.  I was not involved in
 the project at the time, but it was my understanding based on the GAC test, that EPA
 determined that it wasn’t a reliable technology, so I doubt we calculated a Koc or did
 any further analysis. 
 
Feel free to give me a call, Cynthia
 
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105
(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Friday, February 20, 2015 3:54 PM
To: Wetmore, Cynthia
Subject: Montrose GW System



mailto:JWells@everettassociates.net





 
Hi Cynthia,
Can you help me with what’s probably a dumb question about operation of the full
 scale system?
I understand that pCBSA is expected to break-through the liquid GAC fairly quickly
 (thus LGAC is not expected to reduce pCBSA concentration in reinjection water).
 Breakthrough occurs when all the sorption sites are filled with pCBSA, so wouldn’t
 there be breakthrough for pesticides and benzene and TCE and other stuff too since
 all the sites in the GAC are occupied by pCBSA? Or are the sorptive characteristics of
 the other organics so different that they can still be removed even if pCBSA is
 breaking through? On a related note: what do we know about pCBSA sorption?
 Have you folks generated a Koc for this compound?
Thanks,
Jim W
 
James T. Wells, PhD, PG
L. Everett & Associates, LLC
3700 State Street, Suite 350
Santa Barbara, CA 93105
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net
 



http://www.everettassociates.net/






From: Natalia.Raykhman@CH2M.com
To: Wetmore, Cynthia
Subject: RE: Montrose GW System
Date: Wednesday, February 25, 2015 2:08:02 PM
Attachments: image002.png


image003.png
OOD Report.pdf


This is the overall operational design report which describes how initial remedial wellfield was
 developed.  It was, however, significantly modified by Montrose during the actual construction as
 documented in a series on tech memos from Montrose.
 


From: Wetmore, Cynthia [mailto:Wetmore.Cynthia@epa.gov] 
Sent: Wednesday, February 25, 2015 1:53 PM
To: Raykhman, Natalia/SCO
Subject: FW: Montrose GW System
 
Do have a good report on how the model was established?
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105
(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Wednesday, February 25, 2015 1:51 PM
To: Wetmore, Cynthia
Subject: RE: Montrose GW System
 
One more thing:
Can you direct me to the best report (or reports) that discuss the groundwater modeling
 that was done to support design decisions for the gw system?
Having come into this project with a focus on vapor intrusion, I’m not up to speed on all the
 literature.
Thanks,
Jim W
James T. Wells, PhD, PG
L. Everett & Associates, LLC
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net



mailto:Natalia.Raykhman@CH2M.com

mailto:Wetmore.Cynthia@epa.gov

mailto:JWells@everettassociates.net

http://www.everettassociates.net/
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1. Introduction and Purpose 



The objective of this report is to present a set of design specifications for the initial remedial 
wellfield at the Dual Site Groundwater Operable Unit, Montrose Chemical and Del Amo 
Superfund Sites, in Los Angeles County California.  These specifications are referred to as 
the “Overall Operational Design” (OOD) in the Statement of Work (SOW) for the Remedial 
Design Work for the Dual Site Groundwater Operable Unit.  This document is kept simple 
by design; an independent Model Development and Remedial Wellfield Optimization 
Report will describe in detail the optimization process that led to the OOD. 



1.1 Background 
The Record of Decision for the Dual Site Groundwater Operable Unit, Montrose Chemical 
and Del Amo Superfund Sites issued by the United States Environmental Protection Agency 
(EPA) on March 30, 1999 (ROD) selected a remedy for the dissolved-phase contamination at 
both of these sites.  While more than one physical groundwater treatment system may be 
constructed and operated as part of the remedial action, the effects of such systems will be 
interrelated.  The performance of all remedial action components operating together must 
meet the requirements of the ROD. 



The detailed requirements of the ROD appear primarily in ROD Section 13.   Among those 
most critical to the development of the OOD are: 



• Indefinite containment of all contaminants presently within a zone which the ROD 
refers to as the “Containment Zone” (“CZ”); 



• Containment of the overall distribution of Dual-Site contaminants; 



• Reduction of the volume of water with concentrations of contaminants above drinking 
water standards to zero, progress toward which is required within certain timeframes; 



• The limiting of adverse migration of significant contaminants, either as concentrations in 
the dissolved phase, or non-aqueous phase liquids, especially to hydrostratigraphic 
layers lying below the present contamination; to this end wells and pumping are 
required to reverse or otherwise control downward gradients; and 



• The redistribution of groundwater extraction1 as the contaminant plume shrinks, from 
newly clean areas of the plume to remaining contaminated areas, so as to expedite 
overall cleanup and make it more efficient. 



The OOD is based on a wellfield optimization process that is mandated by Article 13.11 of 
the ROD and has been underway since initiation of the remedial design.   The focus was to 



                                                      
1 Redistribution means shutting down a well on the downgradient end of a shrinking plume that is now in clean groundwater, 
and increasing the pumping rate of other active well(s) within the remaining plume upgradient by an amount required for 
expediting overall cleanup, making it more efficient, and meeting the requirements of the ROD.  The same effect could be 
achieved through distributing the pumping to a newly installed well. 
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develop a wellfield that would meet the ROD requirements and design objectives with a 
sufficient degree of certainty, and in a manner sufficiently robust to succeed even if actual 
site conditions differ from those assumed or change in the future.  The optimization process 
also was designed to achieve these requirements and objectives in the most cost-effective 
manner.   



The remedial wellfield optimization process included the use of a sophisticated numerical 
flow and transport computer model (“Remedial Design Model”).  The model was 
constructed and calibrated based on the most complete and comprehensive data set 
available at the time of modeling.  This data set was developed during the extensive 
remedial investigations performed by Shell, Montrose, and other parties, and included 
hydrostratigraphic information from numerous soil borings, contaminant concentration and 
water level measurements collected over a period from 1985 through 2006, and the results of 
extensive pilot-scale extraction and injection testing.  Model calibration and optimization of 
the remedial wellfield was performed using the parameter estimation software package 
PEST (Doherty, 2002; Doherty and Johnston, 2003).  The use of PEST allowed:  



1. Automatic model calibration (versus traditional manual calibration, which is a more 
time-consuming and less-effective process);  



2. Calibration to multiple targets (e.g., hydraulic heads; vertical head differences; pilot test 
data; and concentrations of chlorobenzene, benzene, and parachlorobenzene sulfonic 
acid [p-CBSA]);  



3. Numerical uncertainty and data gap analysis, which allowed identification of additional 
contamination in the Gage aquifer; and finally  



4. Development and optimization of the remedial wellfield, which is capable of achieving 
all remedial objectives of the ROD in a cost-effective manner and with a reasonable 
degree of certainty.   



All modeling activities (including model development, model calibration, and remedial 
wellfield optimization simulations) were conducted with the oversight and regular 
involvement of Montrose and Shell.  All modeling files were provided to Montrose and 
Shell for review on a regular basis.  The results of this review were discussed at modeling 
meetings and/or regular modeling conference calls, so that input from Shell, Montrose, 
EPA, and the Department of Toxic Substances Control (DTSC) could be incorporated in a 
timely manner at every step of the modeling process.  A detailed discussion of the 
numerical model and the remedial design optimization process will be presented in the 
Model Development and Remedial Wellfield Optimization Report.  



1.2 OOD Specifications 
The OOD specifies the following aspects of the remedial design: 



1. Locations and rationale for the extraction and injection wells in the overall system (in 
both areal dimensions and depth/hydrostratigraphic unit dimensions), as well as the 
approximate number of extraction and injection wells based on the assumed or 
estimated well capacities; 
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2. Optimized flow rates of the remedial wellfield including the initial total pumping rate of 
the remedial wellfield, initial rates of extraction and injection wells, and maximum flow 
rates of individual wells;  



3. Operational considerations for the remedial wellfield including concentration target 
shutdown levels for shutting down extraction wells, general guidance for redistributing 
flow between the wells, and considerations pertaining to operation of the wells involved 
in maintaining containment of the CZ as specified in the ROD; and 



4. Estimated (modeled) influent concentrations of chlorobenzene, benzene, and p-CBSA, 
including flow-weighted average concentrations and well-specific concentrations.  



However, the OOD does not include engineering specifications for wells, conveyances, or 
treatment systems; this includes, but is not limited to, such factors as capacities, materials, 
conveyance alignments, injection controls,  equipment,  systems design, or any other such 
engineered characteristics.  It also does not include contingencies that should be 
incorporated in the formal design due to uncertainty in future operational needs and 
conditions.  The formal “pen-to-paper” design will include these components.  The OOD 
provides a basis for the design, but it is recognized that as new information is obtained— 
especially field operational data during remedy implementation—the wellfield may need to 
be reoptimized and adjusted to ensure compliance with ROD requirements (for instance, 
modifying pumping rates and/or adding wells).   



1.3 Definition of Terms 
The terms used in this report are consistent with those used in the ROD.  The ROD provides 
requirements, some of which differ by areas defined in the ROD such as the chlorobenzene 
plume, benzene plume, trichloroethene (TCE) plume, and CZ.  This document assumes a 
familiarity with these concepts, which are defined in detail in the ROD. 



Here, the term “CZ containment well” means an extraction or injection well that has, as a 
primary purpose, the maintenance of containment of dissolved-phase contaminants within 
the CZ, including the limiting of vertical adverse migration from shallower to deeper 
hydrostratigraphic units (for example, reversing downward hydraulic gradients through 
extraction or injection). 



The term “plume-reduction well” means an extraction well that has, as a primary purpose, 
the reduction of the volume of the chlorobenzene plume outside the CZ, within the target 
timeframes specified in the ROD.  
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2. Locations and Approximate Number of 
Extraction and Injection Wells  



This section presents the optimized locations for the remedial wells, including both 
extraction and injection wells, which should be used for the formal remedial design.  While 
these locations could be changed slightly based on the findings of the remedial design (such 
as physical or legal property access restrictions), significant design deviations from the 
optimized locations because of access, cost, or other considerations should be approved by 
EPA in accordance with the Remedial Design SOW and may require an additional 
evaluation with regard to meeting the ROD requirements. 



One well per location was assumed for the purposes of the OOD.  This assumption was 
made based on the available data regarding the hydrogeologic properties of the formation 
and the estimated capacities of the existing wells (Table 1).  However, if it is determined 
during the design or remedy implementation that the required flow rate cannot be achieved 
at certain locations with just one well, additional wells will need to be installed at these 
locations to meet the specifications of the OOD.  These additional wells should be installed 
in the general vicinity of the proposed locations, but at a sufficient distance from existing 
extraction and/or injection wells to avoid interference between the wells (i.e., significant 
impact on drawdown or buildup in the adjacent wells).  



Figures 1 through Figure 3 show the locations of the remedial wells, including injection and 
extraction wells in the water table, Middle Bellflower C Sand (MBFC), and Gage aquifers, 
respectively.  The coordinates of these wells are presented in Table 2.  The overall optimized 
remedial wellfield includes a total of 17 extraction wells (3 wells in the water table aquifer, 
7 wells in the MBFC, and 7 wells in the Gage aquifer), and 6 injection wells (3 wells in the 
MBFC and 3 wells in the Gage aquifer).  Of these wells, 6 extraction wells and 4 injection 
wells have already been installed as part of the pilot testing program (Figures 1 through 3). 



The initial locations for the remedial wells were selected based on the configuration of the 
contaminant plumes and site access considerations.  The CZ extraction wells are located in 
each impacted aquifer (i.e., water table aquifer, MBFC, and Gage aquifer) within the CZ, 
downgradient of the source area.  The plume-reduction wells, in general, are located along 
the central axis of the contaminant plumes.  The well locations were refined based on the 
optimization process in order to achieve the requirements and standards of the ROD.  For 
example, the locations of the plume-reduction wells were adjusted and moved further 
downgradient from the CZ so that these wells would not interfere with the CZ containment 
wells (i.e., would not pull contaminated groundwater out of the CZ).  



The optimization process resulted in the placement of extraction well G-EW-E at the toe of 
the chlorobenzene plume in the Gage aquifer in order to meet the ROD requirement that the 
overall chlorobenzene plume needs to be reliably contained and shrinking in volume.  A 
failure of plume containment in this area would pose a significant risk to downgradient 
receptors and may cause rapid migration of contaminants both laterally and vertically.  The 
Gage aquifer is a drinking water aquifer and several municipal wells are located in 
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relatively close proximity to the toe of the chlorobenzene plume.  The hydraulic gradient is 
significantly steeper at the downgradient edge of the chlorobenzene plume in the Gage 
aquifer, possibly due to the impact of the downgradient municipal extraction.  This makes 
hydraulic containment more difficult.  Any potential increase in downgradient extraction 
from the municipal wells could result in further increase of the hydraulic gradient and 
greater loss of plume containment.  Because the existing downgradient well, G-EW-2, has a 
limited specific capacity (Table 1), an additional extraction well in this area is crucial for the 
reliable containment and subsequent success of the remedy.  



Also as a result of the optimization process, the locations and flow rates of injection wells 
were adjusted so that these wells would help reduce the adverse impact of remedial 
pumping on other contaminant plumes such as the TCE and benzene plumes.  For example, 
two Gage injection wells (existing well G-IW-2 and new well G-IW-D) are located at the 
Del Amo site to reverse the downward gradient between the MBFC and Gage aquifers in 
the area where elevated concentrations of benzene and TCE are present in the MBFC.  
Reversing the downward hydraulic gradient in this area will prevent the vertical migration 
of TCE and benzene into the Gage aquifer and will ensure containment of these 
contaminants within the CZ in the MBFC.  



The primary rationale for the locations of each extraction and injection well is presented in 
Table 3.  
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3. Optimized Flow Rates of the Remedial 
Wellfield  



This section discusses the optimized flow rates for the remedial wells, including the total 
pumping rate of the initial remedial wellfield, the initial rates of individual extraction and 
injection wells, and the maximum flow rates of individual wells that need to be considered 
by the formal “pen-to-paper” design.  As discussed above, the optimized flow rates 
presented by the OOD do not include contingencies that should be incorporated in the 
formal design due to uncertainty in future operational needs and conditions.  Any design 
deviation from the optimized total flow rates, individual flow rates, or maximum flow rates 
presented here (except for adding the design contingency) should be approved by EPA in 
accordance with the Remedial Design SOW, and may require additional evaluation with 
regard to meeting the ROD requirements. 



3.1 Total Flow Rate of Initial Remedial Wellfield(s)  
Based on the optimization modeling, the total extraction rate of 729 gallons per minute 
(gpm) is required to achieve the ROD standards (Table 1).  This includes extraction of 
700 gpm to address the ROD standards for the chlorobenzene and benzene plumes, and 
extraction of 29 gpm to address the ROD standards for the TCE plume.  These flow rates 
should be used for the formal “pen-to-paper” remedial design of the treatment facilities.   



3.2 Initial Flow Rates of Individual Wells 
The distribution of flow between extraction and injection wells was optimized during the 
remedial design modeling.  The optimized flow rates of extraction and injection rates are 
included in Table 1.  These include the initial flow rates and subsequent redistribution of 
pumping and injection after the concentrations in some wells decrease below target 
shutdown levels and those wells are shut down.  The initial flow rates of wells are also 
shown in Figures 1 through 3 for the water table, MBFC, and Gage aquifers, respectively. 
These optimized initial flow rates should be used in the formal remedial design.   



3.3 Maximum Flow Rates of Individual Wells  
The maximum rates for individual wells are provided in Table 1.  For some extraction wells, 
the maximum rates are higher than the initial rates, because additional pumping may need 
to be added to those wells as part of pumping redistribution to meet ROD standards after 
shutting down the wells that have achieved cleanup levels (see Section 4).  Consequently, 
the maximum flow rates should be considered performance targets for the formal “pen-to-
paper” remedial design of the extraction wells to ensure that the wells have sufficient 
capacity to achieve these rates, if required.  For injection wells, the maximum flow rates 
shown are the same as the initial rates. 
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Based on pilot testing data presently available, existing wells appear to have sufficient 
capacity to achieve maximum flow rates, if required (Table 1).   However, actual field 
conditions may differ from previously estimated values.  Consequently, additional 
contingency should be considered for the formal design of remedial wells.  In addition, the 
maximum flow rates specified in the OOD should not define the capacity of the treatment 
system and conveyances.  As discussed above, treatment system capacity should be 
designed with a sufficient margin of contingency due to uncertainty in future operational 
needs and conditions.   
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4. Operational Considerations for the 
Remedial Wellfield  



The ROD requires reduction in the volume of the chlorobenzene plume outside the CZ to 
zero over time.  The optimization process accounted for this by simulating shutdown of 
remedial extraction wells at the simulated time when the contaminant concentrations in 
these wells decreased below a certain target level, as explained below.  This level is referred 
to as the “target shutdown level” in the following discussion.   



As the simulation proceeded after the shutdown, the flow was then redistributed among the 
remaining extraction wells.  Considering the redistribution of flow (pumping) in the 
optimization process allowed for the more effective use of extraction wells and resulted in a 
lower optimized total flow rate for the remedial wellfield required to achieve the ROD 
standards than that estimated without considering flow redistribution.  Further evaluation 
of the optimized flow redistribution modeling runs indicated that the following aspects 
pertaining to the operation of the remedial wellfield should be considered and accounted 
for during the remedial design and remedy implementation:  



• Target shutdown levels for extraction wells  
• General guidance for redistributing flow between the wells  
• Operation of CZ containment wells  



4.1 Target Shutdown Levels for Extraction Wells  
The optimization simulations of the remedial wellfield indicated that the target shutdown 
level for contaminant concentrations, at which extraction wells can be turned off, is an 
important parameter that should be considered for the development of the performance 
monitoring program and during remedy implementation.  Specifically, the modeling results 
indicated that shutting off extraction wells at concentrations equal to the in situ 
groundwater standard (ISGS)2 level for chlorobenzene (70 micrograms per liter [µg/L]) 
would result in a loss of hydraulic containment for part of the chlorobenzene plume.  As this 
uncaptured portion of the plume migrates downgradient, previously cleaned areas of the 
aquifer would become recontaminated.  This is because the need for downgradient 
containment is not eliminated when the contaminant concentration in a plume-reduction 
well reaches the ISGS level.  For example, an extraction well located at the toe of the 
chlorobenzene plume could extract groundwater from both upgradient locations with 
contaminant concentrations above ISGS and from downgradient locations where 
groundwater is already below ISGS levels.  In this case, the resulting diluted contaminant 
concentrations in this well could be below the ISGS levels.  However, if this well is shut off, 
the above-ISGS concentrations from the upgradient areas can escape the extraction system.  
Based on the modeling optimization runs, using a target shutdown level of 10 to 15 µg/L of 



                                                      
2 ISGS levels are cleanup levels specified in the ROD. 
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chlorobenzene is more appropriate than the ISGS level, because it does not result in the 
contaminant plume escaping downgradient containment.  A detailed discussion pertaining 
to the monitoring and sampling procedures required for shutting down remedial wells, and 
the rationale for the concentration target shutdown levels will be included in the Monitoring 
and Aquifer Compliance Plan. 



4.2 Redistributing Flow  
The modeled distribution of flow between the extraction and injection wells for five 
consecutive simulated time periods is presented in Table 1.  The initial time period 
terminates after 15 years, when the concentration in well G-EW-E decreases below the target 
shutdown level of 10 µg/L.  The second time period starts with well G-EW-E being shut 
down and the flow from this well being redistributed between the remaining wells.  The 
second time period and each subsequent time period also terminate when the 
concentrations in at least one extraction well drop below the target shutdown level.  Each 
time, the flow is redistributed between the remaining wells in a manner that allows the most 
cost-effective achievement of ROD standards.   



A detailed discussion of the modeling optimization runs will be presented in the Model 
Development and Remedial Wellfield Optimization Report.  The discussion in this OOD 
report is limited to several operational issues that have been identified by modeling and 
should be considered during the design and operation of the remedial wellfield.  These 
operational considerations include the following: 



• Additional pumping should not be redistributed to the CZ containment wells (unless 
monitoring during remedy implementation demonstrates the lack of capture) as it may 
induce horizontal and/or vertical gradients in the dense nonaqueous phase liquid 
(DNAPL) source area.  



• Flow redistribution should be performed in a manner that does not result in creating 
interference (i.e., competition for capture) between the CZ containment wells and the 
wells located downgradient of the CZ.  The significant increase in flow rates in wells 
located downgradient of the CZ containment wells may cause a loss of capture in the CZ 
and result in contaminated groundwater bypassing CZ containment wells and 
migrating toward the wells with increased extraction.  Consequently, only a portion of 
the flow from the cleaned up wells may need to be redistributed between the remaining 
wells.  Additional modeling runs using the revised numerical model of the site should 
be performed each time the flow from clean wells needs to be redistributed between the 
remaining wells to optimize the performance of the remedial wellfield.  



• The optimized amount of injection into the Gage aquifer significantly exceeds injection 
into the MBFC.  This distribution of injection helps to mitigate the adverse vertical 
migration of DNAPL and dissolved contaminants into the Gage aquifer. When the 
amount of water available for injection decreases because of reduced extraction, injection 
in the MBFC wells should be stopped or reduced first.  Injection in the Gage well located 
west of the Montrose site (well G-IW-1) can be reduced with further reduction of 
pumping.  However, injection rates should be maintained at Gage injection wells 
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(G-IW-2 and G-IW-D) located at the Del Amo site to prevent vertical migration of TCE 
and benzene from the CZ in the MBFC into the Gage aquifer.  



4.3 Operation of CZ Containment Extraction and Injection Wells  
Most plume-reduction wells will be shut down after meeting the ROD requirements. 
However, as required by the ROD, the CZ containment wells will operate indefinitely or 
until the sources of contamination are removed and the groundwater within the CZ is 
remediated.  This includes the CZ containment extraction wells UBA-EW-A, MBFB-EW-1, 
and UBA-EW-B in the water table aquifer; BF-EW-1, BF-EW-M, and BF-EW-N in the MBFC; 
and G-EW-1 in the Gage aquifer.  In addition, Gage injection wells G-IW-2 and G-IW-D are 
also considered to be CZ containment wells because these wells prevent vertical migration 
of TCE and benzene from the CZ in the MBFC into the Gage aquifer (Table 3).  Extraction 
and injection rates of the CZ containment wells can be adjusted upon shutting down other 
remedial extraction wells.  It is expected that the amount of extraction from the CZ 
containment wells will be sufficient to maintain adequate injection into the CZ injection 
wells at the Del Amo site. 



It is assumed for the purposes of this remedial design, that the TCE containment wells 
BF-EW-TCE and G-EW-TCE will also operate indefinitely or until the upgradient sources of 
contamination are removed and the groundwater at the upgradient locations is remediated. 



Additional modeling runs using the revised numerical model of the site can be performed to 
determine the flow rates of the CZ containment wells and TCE containment wells when the 
chlorobenzene plume-reduction wells achieve cleanup standards and are no longer in 
operation.  
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5. Simulated Influent Concentrations 



Simulated influent concentrations of chlorobenzene, benzene, and p-CBSA for each well are 
presented in Tables 4 through 6.  These tables also present the flow-weighted average 
concentration for each of these constituents.  The estimates of contaminant concentrations 
are presented for a simulated duration of remedial action of 32 years.  Modeling results 
indicate that the ROD requirements pertaining to the reduction of the chlorobenzene plume 
will be met after 32 years and most remedial wells will be shut down at that time.  The CZ 
containment wells will be in operation indefinitely, and it can be assumed for the purposes 
of the design that the concentrations in these wells will stay constant.  



The estimates of contaminant concentrations presented in Tables 4 through 6 should be used 
for the design of the treatment facility.  However, as with other aspects of the OOD, these 
estimates do not include contingency that should be incorporated in the formal design due 
to uncertainty associated with modeling estimates of contaminant concentrations and future 
operational needs and conditions.  In general, the early-time estimates of influent 
concentrations are expected to be more accurate than the late-time concentrations, because 
they are less impacted by the modeling uncertainties and uncertainties associated with 
future conditions.  A detailed discussion of the modeling uncertainties will be included in 
the Model Development and Remedial Wellfield Optimization Report.  



Please note that the influent concentrations of TCE are not presented in this report, because 
modeling of the solute transport of TCE was not included in the scope of optimization 
modeling.  The simulation of TCE migration was performed using particle tracking (i.e., by 
assessing advective transport of TCE, which does not account for dilution, retardation, and 
biodegradation) to develop OOD specifications for the TCE containment wells.  The influent 
concentrations of TCE for the remedial design can be approximated from the available 
monitoring data and/or additional modeling runs can be performed using the known 
distribution of TCE.  A detailed discussion of the TCE simulations will be included in the 
Model Development and Remedial Wellfield Optimization Report. 
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TABLE 1 
Optimized Flow Rates for Remedial Wells  



Time Period/ 
Duration 



Redistribution of Pumping after Clean 
Wells Start Shutting Down 



Aquifer 
Well 



Identification 



Initial 
Flow 
Rates  



(0 to 15) 
15 – 18/
3 years 



18 – 26/
8 years 



26 – 30/
4 years 



30 – 32/ 
2 years 



Maximum 
Flow 
Rate 



(gpm) 
Estimated 
Capacity 



Extraction Well Rates (gpm) 



UBA-EW-A 6.0 6.0 6.0 6.0 6.0 6.0 12 



UBA-EW-B 12.0 12.0 12.0 12.0 12.0 12.0 24 
Water 
Table 



MBFB-EW-1* 4.0 4.0 4.0 4.0 4.0 4.0 4 



BF-EW-1* 35.0 35.0 35.0 35.0 35.0 35.0 35 



BF-EW-2* 67.6 68.5 75.1 77.0 79.9 79.9 90 



BF-EW-B 63.9 64.8 71.0 72.9 75.6 75.6 80 



BF-EW-D 132.4 134.2 
Well shut 



down 
Well shut 



down 
Well shut 



down 134.2 140 



BF-EW-M 35.0 35.0 35.0 35.0 35.0 35.0 NA 



BF-EW-N 35.0 35.0 35.0 35.0 35.0 35.0 NA 



MBFC 



BF-EW-TCE 12.0 12.0 12.0 12.0 12.0 12.0 NA 



G-EW-1* 120.0 120.0 120.0 120.0 120.0 120.0 250 



G-EW-2* 29.5 29.9 32.7 33.6 
Well shut 



down 33.6 70 



G-EW-3* 24.9 25.3 27.7 
Well shut 



down 
Well shut 



down 27.7 30 



G-EW-B 57.1 57.9 63.5 65.1 67.6 67.6 80 



G-EW-E 29.5 
Well shut 



down 
Well shut 



down 
Well shut 



down 
Well shut 



down 29.5 50 



G-EW-O 48.1 48.7 53.4 54.8 56.8 56.8 60 



Gage 
Aquifer 



G-EW-TCE 17.0 17.0 17.0 17.0 17.0 17.0 NA 



Total Extraction Rate of 
the Remedial Wellfield  729.0 705.4 599.4 579.5 555.9   



Injection Well Rates (gpm) 



BF-IW-1* 39.9 38.6 32.6 31.4 30.1 39.9 130 



BF-IW-2* 39.9 38.6 32.6 31.4 30.1 39.9 150 MBFC 



BF-IW-E 56.8 54.8 46.3 44.7 42.7 56.8 70 



G-IW-1* 312.5 302.0 254.8 245.9 235.3 312.5 610 



G-IW-2* 125.4 121.2 102.2 98.7 94.5 125.4 350 Gage 
Aquifer 



G-IW-D 125.4 121.2 102.2 98.7 94.5 125.4 260 
Note:  
* Wells installed for pilot testing 
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TABLE 2 
Coordinates of Proposed Locations for Extraction and Injection Wells 



Well-ID 
Easting  



(feet) 
Northing  



(feet) 



UBA-EW-A 4196962 4056685 



UBA-EW-B 4197737 4056797 



MBFB-EW-1 4197447 4056528 



BF-EW-1 4197422 4056537 



BF-EW-2 4198681 4054093 



BF-EW-B 4197901 4055049 



BF-EW-D 4199017 4053193 



BF-EW-M 4196962 4056685 



BF-EW-N 4197737 4056797 



BF-EW-TCE 4197700 4058500 



G-EW-1 4197413 4056557 



G-EW-2 4199810 4053771 



G-EW-3 4197124 4054177 



G-EW-B 4198806 4055526 



G-EW-E 4200180 4053281 



G-EW-O 4198712 4054397 



G-EW-TCE 4197700 4058500 



BF-IW-1 4194654 4057024 



BF-IW-2 4200276 4054984 



BF-IW-E 4194114 4057626 



G-IW-1 4194654 4057065 



G-IW-2 4199886 4056660 



G-IW-D 4199664 4057762 



Note: Datum used for well coordinates is MNAD27 (Modified State Plane Zone VII North 
American Datum [NAD] 27 feet). 
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TABLE 3 
Rationale for Locations of Remedial Wells  



Location Rationale 



MBFB-EW-1 Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-A Containment of the chlorobenzene plume within the CZ in the water table aquifer 



UBA-EW-B Containment of the chlorobenzene plume within the CZ in the water table aquifer 



BF-EW-1 Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-M Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-N Containment of the chlorobenzene plume within the CZ in the MBFC 



BF-EW-B Reduction of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-D Reduction and containment of the chlorobenzene plume outside the CZ in the MBFC 



BF-EW-TCE Containment of the TCE plume migration from upgradient sources in the MBFC  



G-EW-1 Containment of the chlorobenzene plume within the CZ in the Gage aquifer 



G-EW-B Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-3 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-O Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-2 Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer 



G-EW-E Reduction and containment of the chlorobenzene plume outside the CZ in the Gage 
aquifer  



G-EW-TCE Containment of the TCE plume migration from upgradient sources in the Gage aquifer  



BF-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-E Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the MBFC 



BF-IW-2 Disposal of treated groundwater and flushing the plume toward extraction wells in the 
MBFC 



G-IW-1 Disposal of treated groundwater and mitigation of adverse TCE migration from 
upgradient sources in the Gage aquifer 



G-IW-2 Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 



G-IW-D Disposal of treated groundwater and maintaining upward gradient between the Gage 
aquifer and MBFC to prevent vertical migration of benzene into the Gage aquifer (i.e., 
contain benzene within the CZ) 
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TABLE 4 
Simulated Chlorobenzene Influent Concentrations 



Simulated Chlorobenzene Influent Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 7,711 1,746 4,449 2,010 22,974 17,361 11,677 1,838 28,912 19,003 4,581 294 660 1,595 236 179 
1 4,490 13,172 3,565 7,275 17,199 8,882 6,250 1,405 12,556 7,044 3,094 157 910 1,915 167 114 
2 3,242 21,038 3,050 12,017 12,522 4,938 4,287 880 7,625 5,775 2,470 118 927 1,674 126 105 
3 2,648 25,533 2,593 16,388 9,731 2,865 3,076 543 6,265 5,147 2,416 94 896 1,371 96 114 
4 2,306 27,723 2,246 20,196 8,079 1,744 2,238 339 5,825 4,726 2,398 76 842 1,095 75 132 
5 2,091 28,615 2,029 23,491 7,071 1,120 1,630 217 5,658 4,426 2,370 64 775 873 59 157 
6 1,953 28,892 1,942 26,399 6,443 759 1,181 144 5,584 4,213 2,341 54 700 701 47 184 
7 1,863 28,937 1,970 29,019 6,044 538 850 99 5,548 4,062 2,318 46 621 570 38 212 
8 1,805 28,929 2,083 31,401 5,790 395 610 70 5,527 3,958 2,300 40 540 466 31 239 
9 1,769 28,926 2,252 33,547 5,627 297 437 52 5,514 3,886 2,286 35 460 385 25 264 



10 1,746 28,937 2,450 35,443 5,521 228 315 40 5,504 3,835 2,276 31 386 320 21 286 
11 1,732 28,949 2,651 37,074 5,452 177 229 31 5,497 3,800 2,269 28 318 267 17 304 
12 1,723 28,950 2,840 38,435 5,405 139 170 25 5,490 3,775 2,263 25 258 223 15 318 
13 1,717 28,930 3,008 39,537 5,374 111 129 21 5,485 3,758 2,259 23 207 186 12 326 
14 1,712 28,888 3,151 40,401 5,351 91 100 17 5,479 3,745 2,256 21 164 156 11 329 
15 1,708 28,823 3,268 41,058 5,335 75 80 15 5,475 3,736 2,254 19 129 131 9 327 
16 1,759 28,815 3,346 41,345 5,295 62 66 13 5,480 3,696 2,247 16 100 110 9 315 
17 1,753 28,744 3,408 41,592 5,283 53 56 11 5,480 3,684 2,246 14 78 92 9 301 
18 1,748 28,650 3,458 41,748 5,274 46 49 10 5,477 3,677 2,245 13 60 77 9 283 
19 2,021 28,839 3,376 39,847 5,010 35 40 7 5,445 3,464 2,227 14 45 71 9 256 
20 2,005 28,831 3,340 39,179 4,975 31 34 5 5,442 3,426 2,229 14 34 60 9 229 
21 1,994 28,755 3,329 38,668 4,960 27 30 4 5,440 3,409 2,231 14 26 51 9 203 
22 1,985 28,652 3,327 38,241 4,951 25 27 3 5,437 3,402 2,232 14 20 43 9 178 
23 1,977 28,539 3,327 37,880 4,945 23 24 2 5,435 3,397 2,232 14 16 37 8 154 
24 1,970 28,425 3,327 37,576 4,940 21 22 2 5,433 3,395 2,232 13 13 32 8 133 
25 1,963 28,315 3,327 37,324 4,935 20 21 2 5,431 3,393 2,231 12 10 28 8 114 
26 1,958 28,210 3,327 37,115 4,932 18 19 1 5,428 3,392 2,231 12 8 24 8 97 
27 2,009 27,827 3,357 36,766 4,893 17 18 1 5,326 3,418 2,212 11 7 22 7 83 
28 2,003 27,641 3,375 36,594 4,883 17 18 1 5,307 3,428 2,211 11 6 20 7 71 
29 1,999 27,499 3,391 36,477 4,878 16 17 1 5,301 3,432 2,213 10 5 17 7 60 
30 1,996 27,381 3,407 36,397 4,874 15 16 1 5,298 3,435 2,213 9 4 15 6 51 
31 2,078 27,343 3,402 36,223 4,854 14 15 1 5,305 3,409 2,207 8 4 13 6 41 
32 2,075 27,271 3,404 36,135 4,849 14 15 1 5,306 3,403 2,208 7 4 12 6 35 
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TABLE 5 
Simulated Benzene Influent Concentrations 



Benzene Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 48 1,210 0 4,872 74 19 22 0 34 17 0 0 0 0 0 0 
1 7.2 216 0 791 10 3 3 0 6 -15 0 0 0 2 0 0 
2 3.1 139 0 257 5 1 1 0 4 -7 0 0 0 3 0 0 
3 2.5 127 0 141 4 0 0 0 4 1 0 0 0 2 0 0 
4 2.4 125 0 117 4 0 0 0 4 3 0 0 0 2 0 0 
5 2.4 125 0 111 4 0 0 0 4 4 0 0 0 1 0 0 
6 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
7 2.4 125 0 110 4 0 0 0 4 4 0 0 0 1 0 0 
8 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
9 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 



10 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
11 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
12 2.4 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
13 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
14 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
15 2.3 125 0 110 4 0 0 0 4 4 0 0 0 0 0 0 
16 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
17 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
18 2.4 126 0 108 4 0 0 0 4 4 0 0 0 0 0 0 
19 2.7 126 0 97 4 0 0 0 4 4 0 0 0 0 0 0 
20 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
21 2.7 126 0 95 4 0 0 0 4 4 0 0 0 0 0 0 
22 2.7 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
23 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
24 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
25 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
26 2.6 125 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
27 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
28 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
29 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
30 2.7 124 0 94 4 0 0 0 4 3 0 0 0 0 0 0 
31 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
32 2.8 124 0 93 4 0 0 0 4 3 0 0 0 0 0 0 
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TABLE 6 
Simulated p-CBSA Influent Concentrations 



p-CBSA Concentrations (µg/L) 



Elapsed 
Time 



(years) 



Flow-Weighted 
Average 



Concentration 
(µg/L) UBA-EW-A UBA-EW-B MBFB-EW-1 BF-EW-1 BF-EW-2 BF-EW-B BF-EW-D BF-EW-M BF-EW-N G-EW-1 G-EW-2 G-EW-3 G-EW-B G-EW-E G-EW-O 



0 39,989 68,022 28,607 12,086 86,737 98,080 113,356 12,013 99,514 38,787 17,264 7,300 5,687 22,155 4,824 297 
1 23,821 73,417 15,494 71,516 75,177 48,303 46,404 10,355 62,022 21,919 10,206 3,581 6,785 16,269 4,295 755 
2 17,622 64,895 11,512 87,800 63,133 26,706 27,326 6,921 46,371 24,554 10,625 2,749 5,861 11,164 3,551 1,082 
3 13,951 58,248 8,978 87,227 53,334 14,914 17,254 4,354 41,350 25,933 10,656 2,071 4,938 7,402 2,857 1,673 
4 11,738 54,448 7,466 82,275 46,733 8,639 11,159 2,693 39,751 26,322 10,501 1,538 4,069 4,951 2,287 2,329 
5 10,412 52,703 6,790 78,210 42,701 5,260 7,255 1,672 39,204 26,368 10,358 1,141 3,268 3,413 1,843 2,914 
6 9,613 52,103 6,692 76,174 40,339 3,362 4,718 1,057 39,000 26,333 10,259 854 2,552 2,429 1,504 3,351 
7 9,123 52,021 6,909 75,726 38,979 2,236 3,078 686 38,916 26,293 10,195 650 1,935 1,775 1,245 3,614 
8 8,812 52,109 7,243 76,138 38,200 1,533 2,029 458 38,876 26,266 10,154 505 1,427 1,321 1,047 3,710 
9 8,608 52,206 7,579 76,860 37,752 1,078 1,365 316 38,854 26,252 10,127 400 1,025 997 892 3,661 



10 8,466 52,257 7,865 77,582 37,492 777 947 224 38,839 26,246 10,110 323 720 761 771 3,492 
11 8,361 52,257 8,090 78,177 37,339 575 683 164 38,828 26,246 10,099 264 497 588 673 3,230 
12 8,280 52,216 8,261 78,622 37,246 438 515 123 38,819 26,250 10,091 219 338 460 594 2,902 
13 8,214 52,149 8,392 78,936 37,188 344 406 94 38,810 26,255 10,087 184 228 364 528 2,535 
14 8,159 52,070 8,495 79,153 37,150 279 333 74 38,803 26,262 10,083 157 153 291 473 2,155 
15 8,112 51,987 8,582 79,304 37,124 234 284 59 38,795 26,268 10,081 135 103 235 426 1,786 
16 8,311 52,049 8,600 78,930 36,901 197 246 49 38,869 26,020 10,057 111 69 195 519 1,411 
17 8,275 52,001 8,639 78,805 36,870 172 219 41 38,881 25,981 10,056 103 47 161 555 1,111 
18 8,247 51,933 8,684 78,716 36,853 153 198 35 38,879 25,969 10,055 99 33 133 567 861 
19 9,474 52,392 8,365 74,251 34,919 117 167 22 38,662 24,373 9,984 106 23 135 575 619 
20 9,418 52,377 8,257 72,674 34,738 102 145 15 38,662 24,158 10,000 106 16 119 565 457 
21 9,385 52,272 8,215 71,569 34,678 91 128 10 38,662 24,089 10,005 103 12 102 548 341 
22 9,362 52,147 8,196 70,782 34,653 83 116 8 38,660 24,066 10,006 98 9 87 526 258 
23 9,346 52,024 8,190 70,235 34,638 76 105 6 38,657 24,059 10,006 91 8 75 502 200 
24 9,334 51,908 8,191 69,862 34,627 69 97 5 38,654 24,057 10,006 84 6 64 478 158 
25 9,324 51,799 8,199 69,613 34,619 64 90 4 38,650 24,058 10,006 77 5 56 453 128 
26 9,317 51,698 8,211 69,448 34,612 59 84 3 38,647 24,059 10,006 70 4 50 429 106 
27 9,571 51,010 8,308 68,922 34,337 55 79 2 37,870 24,281 9,917 65 5 46 406 87 
28 9,563 50,756 8,373 68,816 34,289 51 74 2 37,778 24,357 9,924 59 5 42 384 73 
29 9,560 50,578 8,431 68,803 34,272 47 70 2 37,757 24,391 9,929 53 5 39 362 63 
30 9,558 50,439 8,481 68,828 34,263 44 66 1 37,750 24,408 9,932 48 5 37 342 55 
31 9,956 50,446 8,468 68,609 34,130 41 63 1 37,821 24,207 9,903 47 5 35 319 49 
32 9,950 50,364 8,478 68,526 34,111 38 59 1 37,837 24,168 9,903 45 5 34 299 44 
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Figure 2
Locations of



Remedial Wells
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Figure 3
Locations of



Remedial Wells
Gage Aquifer
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From: Wetmore, Cynthia [mailto:Wetmore.Cynthia@epa.gov] 
Sent: Monday, February 23, 2015 10:28 AM
To: James Wells
Subject: RE: Montrose GW System
 
Hi Jim,
 
It is a good question - and a somewhat complicated response.  Actually, the problem
 with pCBSA adsorption on GAC is that pCBSA is highly soluble and does not want to
 sorb onto GAC particles.  So it passes right by the "sorb sites", so even when there is
 breakthrough for pCBSA, the GAC still has lots of available "sorb sites" for other
 chemicals that are not as water soluble.
 
I recall a study a long time ago on GAC adsorption for multiple chemicals, where one of
 the chemicals was water soluble similar to pCBSA.  The study concluded that the
 water soluble chemical had adsorbed just near the inlet of the GAC and passed
 through the other sections.  I don’t recall the theory.  In general, some COCs are
 adsorbed more preferentially than others. Anyway, also the GAC in this treatment
 train is not the real workhorse for removing the COCs – the HiPox/air stripper is
 designed to lower the COC concentrations to injection standards. The GAC system
 serves as a polishing step for some COCs that are not fully removed by the upstream
 processes.
 
We did conduct a GAC test for Montrose groundwater a few years ago.  (I have
 attached the output graph).  I don’t know if we calculated a Koc.  I was not involved in
 the project at the time, but it was my understanding based on the GAC test, that EPA
 determined that it wasn’t a reliable technology, so I doubt we calculated a Koc or did
 any further analysis. 
 
Feel free to give me a call, Cynthia
 
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105



mailto:Wetmore.Cynthia@epa.gov





(415)972-3059
 


From: James Wells [mailto:JWells@everettassociates.net] 
Sent: Friday, February 20, 2015 3:54 PM
To: Wetmore, Cynthia
Subject: Montrose GW System
 
Hi Cynthia,
Can you help me with what’s probably a dumb question about operation of the full
 scale system?
I understand that pCBSA is expected to break-through the liquid GAC fairly quickly
 (thus LGAC is not expected to reduce pCBSA concentration in reinjection water).
 Breakthrough occurs when all the sorption sites are filled with pCBSA, so wouldn’t
 there be breakthrough for pesticides and benzene and TCE and other stuff too since
 all the sites in the GAC are occupied by pCBSA? Or are the sorptive characteristics of
 the other organics so different that they can still be removed even if pCBSA is
 breaking through? On a related note: what do we know about pCBSA sorption?
 Have you folks generated a Koc for this compound?
Thanks,
Jim W
 
James T. Wells, PhD, PG
L. Everett & Associates, LLC
3700 State Street, Suite 350
Santa Barbara, CA 93105
805-880-9302 (office)
805-570-0267 (mobile)
www.everettassociates.net
 



mailto:JWells@everettassociates.net

http://www.everettassociates.net/






From: Mike Palmer
To: Wetmore, Cynthia; yarissa martinez
Cc: Mayer, Kevin
Subject: SWL0049
Date: Friday, February 27, 2015 2:23:52 PM
Attachments: 15-02-1516.pdf


As requested, attached are the results that Montrose obtained from sampling
 SWL0049 last Friday.
Mike
 



mailto:mikepalmer@cox.net

mailto:Wetmore.Cynthia@epa.gov

mailto:yarissaaymee@yahoo.com

mailto:Mayer.Kevin@epa.gov






WORK ORDER NUMBER: 15-02-1516



Analytical Report For
Client: AECOM



Client Project Name: Montrose Superfund Site / 60288979.16
Attention: Katharine Carr Green



3995 Via Oro Ave
Long Beach, CA 90810-1869



Approved for release on                    by:
Vikas Patel
Project Manager



AIR SOIL WATER MARINE CHEMISTRY



Eurofins Calscience, Inc. (Calscience) certifies that the test results provided in this report meet all NELAC requirements for parameters for which accreditation is
required or available. Any exceptions to NELAC requirements are noted in the case narrative. The original report of subcontracted analyses, if any, is attached to
this report. The results in this report are limited to the sample(s) tested and any reproduction thereof must be made in its entirety. The client or recipient of this
report is specifically prohibited from making material changes to said report and, to the extent that such changes are made, Calscience is not responsible, legally or
otherwise. The client or recipient agrees to indemnify Calscience for any defense to any litigation which may arise.



02/20/2015
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Condition Upon Receipt: 
Samples were received under Chain-of-Custody (COC) on 02/20/15. They were assigned to Work Order 15-02-1516. 
Unless otherwise noted on the Sample Receiving forms all samples were received in good condition and within the



recommended EPA temperature criteria for the methods noted on the COC. The COC and Sample Receiving Documents are



integral elements of the analytical report and are presented at the back of the report. 
Holding Times: 
All samples were analyzed within prescribed holding times (HT) and/or in accordance with the Calscience Sample Acceptance



Policy unless otherwise noted in the analytical report and/or comprehensive case narrative, if required. 
Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15



minutes (40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being



received outside of the stated holding time unless received at the laboratory within 15 minutes of the collection time. 
Quality Control: 
All quality control parameters (QC) were within established control limits except where noted in the QC summary forms or



described further within this report. 
Subcontractor Information: 
Unless otherwise noted below (or on the subcontract form), no samples were subcontracted. 
Additional Comments: 
Air - Sorbent-extracted air methods (EPA TO-4A, EPA TO-10, EPA TO-13A, EPA TO-17): Analytical results are converted from



mass/sample basis to mass/volume basis using client-supplied air volumes. 
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC



results are always reported on a wet weight basis. 
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Client Sample ID Method Name Type Ext Name Instrument MS/MSD/SDP LCS/LCSD



SWL0049-20150220 EPA 314.0 (M) pCBSA N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 314.0 (M) pCBSA R N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 8260B Volatile Organics EPA 5030C GC/MS L 150220S009 150220L020



SWL0049-20150220 EPA 8260B Volatile Organics R EPA 5030C GC/MS L 150220S009 150220L020



QC Association Summary
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Subcontracted analyses, if any, are not included in this summary. 



SWL0049-20150220 (15-02-1516-1)



p-Chlorobenzenesulfonic Acid 21000 E 500 ug/L EPA 314.0 (M) pCBSA N/A



p-Chlorobenzenesulfonic Acid 20000 2000 ug/L EPA 314.0 (M) pCBSA N/A



Benzene 43 J 32* ug/L EPA 8260B EPA 5030C



Chlorobenzene 5800 E 50 ug/L EPA 8260B EPA 5030C



Chlorobenzene 5600 120 ug/L EPA 8260B EPA 5030C



1,2-Dichloroethane 240 50 ug/L EPA 8260B EPA 5030C



Tetrachloroethene 130 50 ug/L EPA 8260B EPA 5030C



Trichloroethene 140 50 ug/L EPA 8260B EPA 5030C



Detections Summary
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Attn: Katharine Carr Green Page 1 of 1
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
13:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 21000 500 46 100 E



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
14:10



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 20000 2000 180 400



Method Blank 099-15-080-56 N/A Aqueous IC 8 N/A 02/20/15
12:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
15:43



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 1000 350 100



Benzene 43 50 32 100 J



Bromobenzene ND 50 33 100



Bromochloromethane ND 100 38 100



Bromodichloromethane ND 50 20 100



Bromoform ND 50 34 100



Bromomethane ND 100 38 100



2-Butanone ND 500 290 100



n-Butylbenzene ND 50 34 100



sec-Butylbenzene ND 50 23 100



tert-Butylbenzene ND 50 38 100



Carbon Disulfide ND 100 44 100



Carbon Tetrachloride ND 50 22 100



Chlorobenzene 5800 50 14 100 E



Chloroethane ND 50 34 100



Chloroform ND 50 22 100



Chloromethane ND 50 22 100



2-Chlorotoluene ND 50 34 100



4-Chlorotoluene ND 50 33 100



Dibromochloromethane ND 50 24 100



1,2-Dibromo-3-Chloropropane ND 500 290 100



1,2-Dibromoethane ND 50 34 100



Dibromomethane ND 50 34 100



1,2-Dichlorobenzene ND 50 17 100



1,3-Dichlorobenzene ND 50 17 100



1,4-Dichlorobenzene ND 50 31 100



Dichlorodifluoromethane ND 100 24 100



1,1-Dichloroethane ND 50 19 100



1,2-Dichloroethane 240 50 18 100



1,1-Dichloroethene ND 50 20 100



c-1,2-Dichloroethene ND 50 24 100



t-1,2-Dichloroethene ND 50 26 100



1,2-Dichloropropane ND 50 24 100



1,3-Dichloropropane ND 100 24 100
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 100 42 100



1,1-Dichloropropene ND 50 28 100



c-1,3-Dichloropropene ND 50 18 100



t-1,3-Dichloropropene ND 50 35 100



Ethylbenzene ND 50 32 100



2-Hexanone ND 1000 260 100



Isopropylbenzene ND 50 42 100



p-Isopropyltoluene ND 50 14 100



Methylene Chloride ND 100 38 100



4-Methyl-2-Pentanone ND 500 270 100



Naphthalene ND 100 41 100



n-Propylbenzene ND 50 38 100



Styrene ND 50 32 100



1,1,1,2-Tetrachloroethane ND 50 24 100



1,1,2,2-Tetrachloroethane ND 50 22 100



Tetrachloroethene 130 50 22 100



Toluene ND 50 26 100



1,2,3-Trichlorobenzene ND 50 25 100



1,2,4-Trichlorobenzene ND 50 25 100



1,1,1-Trichloroethane ND 50 19 100



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 50 26 100



1,1,2-Trichloroethane ND 50 32 100



Trichloroethene 140 50 23 100



Trichlorofluoromethane ND 50 25 100



1,2,3-Trichloropropane ND 100 25 100



1,2,4-Trimethylbenzene ND 50 15 100



1,3,5-Trimethylbenzene ND 50 33 100



Vinyl Acetate ND 500 220 100



Vinyl Chloride ND 50 27 100



p/m-Xylene ND 50 24 100



o-Xylene ND 50 39 100



Methyl-t-Butyl Ether (MTBE) ND 50 29 100



Tert-Butyl Alcohol (TBA) ND 1000 410 100



Diisopropyl Ether (DIPE) ND 50 24 100



Ethyl-t-Butyl Ether (ETBE) ND 50 22 100



Tert-Amyl-Methyl Ether (TAME) ND 50 24 100



Ethanol ND 5000 1700 100
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 89 68-120



Dibromofluoromethane 97 80-127



1,2-Dichloroethane-d4 106 80-128



Toluene-d8 97 80-120



Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
16:39



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Chlorobenzene 5600 120 36 250



Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 88 68-120



Dibromofluoromethane 98 80-127



1,2-Dichloroethane-d4 111 80-128



Toluene-d8 97 80-120
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



Method Blank 099-15-234-93 N/A Aqueous GC/MS L 02/20/15 02/20/15
11:55



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 10 3.5 1.00



Benzene ND 0.50 0.32 1.00



Bromobenzene ND 0.50 0.33 1.00



Bromochloromethane ND 1.0 0.38 1.00



Bromodichloromethane ND 0.50 0.20 1.00



Bromoform ND 0.50 0.34 1.00



Bromomethane ND 1.0 0.38 1.00



2-Butanone ND 5.0 2.9 1.00



n-Butylbenzene ND 0.50 0.34 1.00



sec-Butylbenzene ND 0.50 0.23 1.00



tert-Butylbenzene ND 0.50 0.38 1.00



Carbon Disulfide ND 1.0 0.44 1.00



Carbon Tetrachloride ND 0.50 0.22 1.00



Chlorobenzene ND 0.50 0.14 1.00



Chloroethane ND 0.50 0.34 1.00



Chloroform ND 0.50 0.22 1.00



Chloromethane ND 0.50 0.22 1.00



2-Chlorotoluene ND 0.50 0.34 1.00



4-Chlorotoluene ND 0.50 0.33 1.00



Dibromochloromethane ND 0.50 0.24 1.00



1,2-Dibromo-3-Chloropropane ND 5.0 2.9 1.00



1,2-Dibromoethane ND 0.50 0.34 1.00



Dibromomethane ND 0.50 0.34 1.00



1,2-Dichlorobenzene ND 0.50 0.17 1.00



1,3-Dichlorobenzene ND 0.50 0.17 1.00



1,4-Dichlorobenzene ND 0.50 0.31 1.00



Dichlorodifluoromethane ND 1.0 0.24 1.00



1,1-Dichloroethane ND 0.50 0.19 1.00



1,2-Dichloroethane ND 0.50 0.18 1.00



1,1-Dichloroethene ND 0.50 0.20 1.00



c-1,2-Dichloroethene ND 0.50 0.24 1.00



t-1,2-Dichloroethene ND 0.50 0.26 1.00



1,2-Dichloropropane ND 0.50 0.24 1.00



1,3-Dichloropropane ND 1.0 0.24 1.00
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 1.0 0.42 1.00



1,1-Dichloropropene ND 0.50 0.28 1.00



c-1,3-Dichloropropene ND 0.50 0.18 1.00



t-1,3-Dichloropropene ND 0.50 0.35 1.00



Ethylbenzene ND 0.50 0.32 1.00



2-Hexanone ND 10 2.6 1.00



Isopropylbenzene ND 0.50 0.42 1.00



p-Isopropyltoluene ND 0.50 0.14 1.00



Methylene Chloride ND 1.0 0.38 1.00



4-Methyl-2-Pentanone ND 5.0 2.7 1.00



Naphthalene ND 1.0 0.41 1.00



n-Propylbenzene ND 0.50 0.38 1.00



Styrene ND 0.50 0.32 1.00



1,1,1,2-Tetrachloroethane ND 0.50 0.24 1.00



1,1,2,2-Tetrachloroethane ND 0.50 0.22 1.00



Tetrachloroethene ND 0.50 0.22 1.00



Toluene ND 0.50 0.26 1.00



1,2,3-Trichlorobenzene ND 0.50 0.25 1.00



1,2,4-Trichlorobenzene ND 0.50 0.25 1.00



1,1,1-Trichloroethane ND 0.50 0.19 1.00



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 0.50 0.26 1.00



1,1,2-Trichloroethane ND 0.50 0.32 1.00



Trichloroethene ND 0.50 0.23 1.00



Trichlorofluoromethane ND 0.50 0.25 1.00



1,2,3-Trichloropropane ND 1.0 0.25 1.00



1,2,4-Trimethylbenzene ND 0.50 0.15 1.00



1,3,5-Trimethylbenzene ND 0.50 0.33 1.00



Vinyl Acetate ND 5.0 2.2 1.00



Vinyl Chloride ND 0.50 0.27 1.00



p/m-Xylene ND 0.50 0.24 1.00



o-Xylene ND 0.50 0.39 1.00



Methyl-t-Butyl Ether (MTBE) ND 0.50 0.29 1.00



Tert-Butyl Alcohol (TBA) ND 10 4.1 1.00



Diisopropyl Ether (DIPE) ND 0.50 0.24 1.00



Ethyl-t-Butyl Ether (ETBE) ND 0.50 0.22 1.00



Tert-Amyl-Methyl Ether (TAME) ND 0.50 0.24 1.00



Ethanol ND 50 17 1.00
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 87 68-120



Dibromofluoromethane 100 80-127



1,2-Dichloroethane-d4 107 80-128



Toluene-d8 97 80-120
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



SWL0049-20150220 Sample Aqueous IC 8 N/A 02/20/15 14:10 150220S01



SWL0049-20150220 Matrix Spike Aqueous IC 8 N/A 02/20/15 14:37 150220S01



SWL0049-20150220 Matrix Spike Duplicate Aqueous IC 8 N/A 02/20/15 14:56 150220S01



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



p-Chlorobenzenesulfonic Acid 19950 10000 30790 108 31570 116 70-130 2 0-20



Quality Control - Spike/Spike Duplicate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



Benzene ND 10.00 10.18 102 9.470 95 75-125 7 0-20



Carbon Tetrachloride ND 10.00 10.92 109 9.918 99 69-135 10 0-20



Chlorobenzene ND 10.00 11.12 111 10.60 106 75-125 5 0-20



1,2-Dibromoethane ND 10.00 11.04 110 10.51 105 75-126 5 0-20



1,2-Dichlorobenzene ND 10.00 12.16 122 11.20 112 75-125 8 0-20



1,2-Dichloroethane ND 10.00 11.59 116 10.18 102 75-127 13 0-20



1,1-Dichloroethene ND 10.00 9.398 94 10.23 102 66-126 8 0-20



Ethylbenzene 1.079 10.00 12.18 111 11.42 103 75-125 6 0-20



Toluene ND 10.00 11.09 111 10.50 105 75-125 5 0-20



Trichloroethene ND 10.00 10.82 108 10.27 103 75-125 5 0-20



Vinyl Chloride ND 10.00 8.670 87 11.18 112 52-142 25 0-20 4



p/m-Xylene 1.003 20.00 23.81 114 22.21 106 75-125 7 0-20



o-Xylene ND 10.00 12.10 121 11.31 113 75-127 7 0-20



Methyl-t-Butyl Ether (MTBE) ND 10.00 9.704 97 10.78 108 71-131 11 0-20



Tert-Butyl Alcohol (TBA) 12.64 50.00 70.10 115 67.02 109 20-180 4 0-40



Diisopropyl Ether (DIPE) ND 10.00 8.834 88 9.361 94 64-136 6 0-20



Ethyl-t-Butyl Ether (ETBE) ND 10.00 9.406 94 9.770 98 73-133 4 0-20



Tert-Amyl-Methyl Ether (TAME) ND 10.00 10.46 105 10.04 100 75-125 4 0-20



Ethanol ND 100.0 89.94 90 91.96 92 73-139 2 0-27
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Spike Added MS Conc. MS  %Rec. MSD Conc. MSD %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.27 103 10.02 100 68-120



Dibromofluoromethane 10.00 9.404 94 9.323 93 80-127



1,2-Dichloroethane-d4 10.00 9.858 99 9.456 95 80-128



Toluene-d8 10.00 10.17 102 10.09 101 80-120



Spike/Spike Duplicate - Surrogate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-080-56 LCS Aqueous IC 8 N/A 02/20/15 13:09 150220L01



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL Qualifiers



p-Chlorobenzenesulfonic Acid 25.00 24.26 97 80-120



Quality Control - LCS
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Acetone 10.00 13.25 132 80-120 73-127 X



Benzene 10.00 9.254 93 80-120 73-127



Bromobenzene 10.00 11.59 116 80-120 73-127



Bromochloromethane 10.00 9.789 98 80-120 73-127



Bromodichloromethane 10.00 10.65 107 80-120 73-127



Bromoform 10.00 10.11 101 80-120 73-127



Bromomethane 10.00 12.23 122 80-120 73-127 ME



2-Butanone 10.00 10.38 104 80-120 73-127



n-Butylbenzene 10.00 10.61 106 77-123 69-131



sec-Butylbenzene 10.00 10.77 108 80-120 73-127



tert-Butylbenzene 10.00 10.87 109 80-120 73-127



Carbon Disulfide 10.00 9.296 93 80-120 73-127



Carbon Tetrachloride 10.00 11.31 113 74-134 64-144



Chlorobenzene 10.00 10.92 109 80-120 73-127



Chloroethane 10.00 8.912 89 80-120 73-127



Chloroform 10.00 10.32 103 80-120 73-127



Chloromethane 10.00 10.14 101 80-120 73-127



2-Chlorotoluene 10.00 11.93 119 80-120 73-127



4-Chlorotoluene 10.00 10.70 107 80-120 73-127



Dibromochloromethane 10.00 9.784 98 80-120 73-127



1,2-Dibromo-3-Chloropropane 10.00 10.47 105 80-120 73-127



1,2-Dibromoethane 10.00 10.54 105 79-121 72-128



Dibromomethane 10.00 10.84 108 80-120 73-127



1,2-Dichlorobenzene 10.00 11.29 113 80-120 73-127



1,3-Dichlorobenzene 10.00 11.13 111 80-120 73-127



1,4-Dichlorobenzene 10.00 10.55 106 80-120 73-127



Dichlorodifluoromethane 10.00 10.40 104 80-120 73-127



1,1-Dichloroethane 10.00 9.784 98 80-120 73-127



1,2-Dichloroethane 10.00 11.09 111 80-120 73-127



1,1-Dichloroethene 10.00 9.992 100 78-126 70-134



c-1,2-Dichloroethene 10.00 10.06 101 80-120 73-127



t-1,2-Dichloroethene 10.00 10.14 101 80-120 73-127



1,2-Dichloropropane 10.00 9.246 92 79-115 73-121



1,3-Dichloropropane 10.00 10.24 102 80-120 73-127



2,2-Dichloropropane 10.00 11.76 118 80-120 73-127



1,1-Dichloropropene 10.00 9.815 98 80-120 73-127



c-1,3-Dichloropropene 10.00 10.29 103 80-120 73-127



t-1,3-Dichloropropene 10.00 9.379 94 80-120 73-127
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Total number of LCS compounds: 71



Total number of ME compounds: 1



Total number of ME compounds allowed: 4



LCS ME CL validation result: Pass



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Ethylbenzene 10.00 10.63 106 80-120 73-127



2-Hexanone 10.00 10.79 108 80-120 73-127



Isopropylbenzene 10.00 11.48 115 80-120 73-127



p-Isopropyltoluene 10.00 10.75 107 80-120 73-127



Methylene Chloride 10.00 9.953 100 80-120 73-127



4-Methyl-2-Pentanone 10.00 9.211 92 80-120 73-127



Naphthalene 10.00 11.41 114 80-120 73-127



n-Propylbenzene 10.00 11.39 114 80-120 73-127



Styrene 10.00 11.17 112 80-120 73-127



1,1,1,2-Tetrachloroethane 10.00 11.33 113 80-120 73-127



1,1,2,2-Tetrachloroethane 10.00 9.626 96 80-120 73-127



Tetrachloroethene 10.00 10.17 102 80-120 73-127



Toluene 10.00 10.01 100 80-120 73-127



1,2,3-Trichlorobenzene 10.00 12.05 120 80-120 73-127



1,2,4-Trichlorobenzene 10.00 11.47 115 80-120 73-127



1,1,1-Trichloroethane 10.00 11.25 112 80-120 73-127



1,1,2-Trichloro-1,2,2-Trifluoroethane 10.00 10.53 105 80-120 73-127



1,1,2-Trichloroethane 10.00 10.18 102 80-120 73-127



Trichloroethene 10.00 9.945 99 79-127 71-135



Trichlorofluoromethane 10.00 11.51 115 80-120 73-127



1,2,3-Trichloropropane 10.00 9.678 97 80-120 73-127



1,2,4-Trimethylbenzene 10.00 10.44 104 80-120 73-127



1,3,5-Trimethylbenzene 10.00 11.88 119 80-120 73-127



Vinyl Acetate 10.00 9.643 96 80-120 73-127



Vinyl Chloride 10.00 9.811 98 72-132 62-142



p/m-Xylene 20.00 22.41 112 80-120 73-127



o-Xylene 10.00 11.69 117 80-120 73-127



Methyl-t-Butyl Ether (MTBE) 10.00 10.65 106 69-123 60-132



Tert-Butyl Alcohol (TBA) 50.00 52.55 105 63-123 53-133



Diisopropyl Ether (DIPE) 10.00 9.646 96 59-137 46-150



Ethyl-t-Butyl Ether (ETBE) 10.00 9.858 99 69-123 60-132



Tert-Amyl-Methyl Ether (TAME) 10.00 9.876 99 70-120 62-128



Ethanol 100.0 87.47 87 28-160 6-182
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added LCS Conc. LCS %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.53 105 68-120



Dibromofluoromethane 10.00 9.997 100 80-127



1,2-Dichloroethane-d4 10.00 10.98 110 80-128



Toluene-d8 10.00 9.769 98 80-120



LCS Only - Surrogate
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Method Extraction Chemist ID Instrument Analytical Location



EPA 314.0 (M) pCBSA N/A 921 IC 8 1



EPA 8260B EPA 5030C 316 GC/MS L 2



Sample Analysis Summary Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501
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   Location 1: 7440 Lincoln Way, Garden Grove, CA 92841



   Location 2: 7445 Lampson Avenue, Garden Grove, CA 92841
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Qualifiers Definition



* See applicable analysis comment.



< Less than the indicated value.



> Greater than the indicated value.



1 Surrogate compound recovery was out of control due to a required sample dilution.  Therefore, the sample data was reported without further
clarification.



2 Surrogate compound recovery was out of control due to matrix interference.  The associated method blank surrogate spike compound was
in control and, therefore, the sample data was reported without further clarification.



3 Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of control due to suspected matrix interference. The
associated LCS recovery was in control.



4 The MS/MSD RPD was out of control due to suspected matrix interference.



5 The PDS/PDSD or PES/PESD associated with this batch of samples was out of control due to suspected matrix interference.



6 Surrogate recovery below the acceptance limit.



7 Surrogate recovery above the acceptance limit.



B Analyte was present in the associated method blank.



BU Sample analyzed after holding time expired.



BV Sample received after holding time expired.



E Concentration exceeds the calibration range.



ET Sample was extracted past end of recommended max. holding time.



HD The chromatographic pattern was inconsistent with the profile of the reference fuel standard.



HDH The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but heavier hydrocarbons
were also present (or detected).



HDL The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but lighter hydrocarbons were
also present (or detected).



J Analyte was detected at a concentration below the reporting limit and above the laboratory method detection limit.  Reported value is
estimated.



JA Analyte positively identified but quantitation is an estimate.



ME LCS Recovery Percentage is within Marginal Exceedance (ME) Control Limit range (+/- 4 SD from the mean).



ND Parameter not detected at the indicated reporting limit.



Q Spike recovery and RPD control limits do not apply resulting from the parameter concentration in the sample exceeding the spike
concentration by a factor of four or greater.



SG The sample extract was subjected to Silica Gel treatment prior to analysis.



X % Recovery and/or RPD out-of-range.



Z Analyte presence was not confirmed by second column or GC/MS analysis.



Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC results are
reported on a wet weight basis.



Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15 minutes
(40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being received outside of the
stated holding time unless received at the laboratory within 15 minutes of the collection time.



A calculated total result (Example: Total Pesticides) is the summation of each component concentration and/or, if "J" flags are reported,
estimated concentration.  Component concentrations showing not detected (ND) are summed into the calculated total result as zero
concentrations.



Glossary of Terms and Qualifiers
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Table 1
Sampling and Analytical Plan



Monitoring and Aquifer Compliance Plan
Del Amo Superfund Site



V:\Projects\28906070 Del Amo Parent Job\600 DLVR\601 - URS (or DM) Prepared\2014 Groundwater Monitoring Work Plan\tables\excel.word files



Top Bottom µg/L Date Baseline 6-month and 
1 year



Year 2+ 
Annual



Year 5 
Review



Montrose 
Baseline and 



Year 5 
Review



Montrose 
Annual



8260B
VOC biodeg



PZL0001 50.00 60.00 <0.50 Feb-12 X X X X - - X - X Hamilton Ave SE extent of plume & containment zone
PZL0006 49.00 69.00 <2.1 Nov-06 X X - X - - X - X Magellan Dr NE extent of plume
PZL0007 47.00 62.00 <0.5 Nov-06 X X - X - - X - X Hamilton Ave N extent of plume & containment zone 
PZL0009 54.00 69.00 72 Nov-06 X X - X - - X - X 034-069 N extent of plume
PZL0010 49.50 69.50 <0.50 Nov-06 X X - X - - X - X 034-024 NE extent of plume & containment zone 
PZL0011 35.00 55.00 8,100 Nov-06 X X - X - - X - X 033-034 NW extent of source area
PZL0012 37.20 57.20 <13 Nov-06 X X X X - - X X X 033-062 W extent of plume; biodeg transect
PZL0013 41.00 61.00 300,000 Jul-00 X X X X - - X X X 033-900 Extent of source area; biodeg transect
PZL0014 51.00 66.00 0.68 Nov-06 X X - X - - X - X 031-017 Northern containment zone
PZL0016 47.00 67.00 <30 Nov-06 X X - X - - X - X 034-056 NW extent of source area
PZL0018 48.00 68.00 1,700 Feb-12 X X X X - - X - X 034-066 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program.
PZL0019 46.70 66.70 250,000 Feb-12 X X X X - - X X X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program/biodeg transect
PZL0020 47.00 67.00 190,000 Feb-12 X X X X - - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
PZL0022 42.00 61.70 <0.50 Feb-12 X X X X - - X - X 034-078 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program 
PZL0024 44.40 64.40 <0.50 Feb-12 X X X X - - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program



PZL0025 43.50 63.50 <0.50 Feb-12 X X X X X - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program. Coordinate with 
Montrose to avoid duplicate sampling. 



PZL0026 33.00 53.00 91 Nov-06 X X X X - - X X X 033-017 S extent of source area; biodeg transect
SWL0002 52.00 77.00 <19 Nov-06 X X - X - - X - X 034-057 W extent of source area
SWL0003 50.00 77.00 170,000 Nov-06 X X - X - - X - X 034-056 Source area
SWL0004 53.00 80.00 610,000 Nov-06 X X X X - - X X X 034-057 SE extent of source area; biodeg transect
SWL0005 38.60 61.50 <0.50 Feb-12 X X - X - - X - X Del Amo Blvd SE extent of plume at waste pit area plume
SWL0006 43.50 59.50 <0.50 Feb-12 X X - X - - X X X Catalina St Confirm southern plume boundary;biodeg transeect; Omit from future monitoring if [benzene] < MCL.
SWL0007 50.40 71.20 3 Nov-06 X X - X - - X - X 031-007 N extent of plume & containment zone 
SWL0008 41.40 62.00 52 Feb-12 X X X X - - X X X Del Amo Blvd Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program/biodeg transect
SWL0009 37.30 58.30 0.29 Nov-06 X X X X - - X - X Figueroa St E extent of plume & monitor containment zone 
SWL0015 33.00 54.00 2.9 Feb-96 X - - - - - X - X 001-131 TBA plume evaluation
SWL0016 40.80 62.00 <0.50 Feb-12 X X - X - - X - X 034-068 E extent of plume
SWL0017 47.00 68.50 3.2 Nov-06 X X - X - - X - X 034-025 NE extent of plume near containment zone
SWL0021 46.50 62.10 0.57 Feb-12 X X X X - - X X X 7350-001-131 S extent of plume; biodeg transect
SWL0024 45.00 61.50 <0.50 Feb-12 X X X X - - X X X Del Amo Blvd SE extent of plume; biodeg transects
SWL0028 34.00 54.80 <0.50 Feb-12 X - - - - - X - X Alpine Village/Torrance Blvd Omit from future monitoring if [benzene] < MCL. VOC analysis will include TBA.
SWL0038 49.50 70.50 <1.0 Jul-00 X X X X - - X X X 031-007 biodeg transect
SWL0042 34.30 55.00 1.1 Feb-12 X - - - - - X - X Hamilton Ave Omit from future monitoring if [benzene] < MCL.
SWL0044 45.50 65.00 0.82 Feb-12 X X X X - - X - X 034-901 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
SWL0046 37.80 57.80 <0.50 Nov-06 X X X X - - X X X 033-045 NW extent of plume / containment zone boundary; biodeg transect
SWL0051* 35.00 55.00 <0.5 Feb-12 X X* X X - - X - X Undeveloped parcel Waste Pits OU Performance Monitoring program
SWL0057 38.50 58.50 <0.50 Feb-12 X - - - - - X - X New Hampshire Ave Omit from future monitoring if [benzene] < MCL.
SWL0059 37.00 41.00 9.3 Nov-06 X X - X - - X - X 034-015 N extent of source area 
SWL0068 23.00 48.00 150,000 Jan-10 X X X X - - X X X 033-017 Source area; biodeg transect
XGW-07A 47.00 57.00 ND<1.0 Jul-00 X - - - - - X - X off-site EPA request for TBA data to be included in VOC analysis.



XMW-01HD 40.00 60.00 860,000 Jun-93 X X - X - - X - X 033-022 Source area
XMW-02HD 40.00 60.00 970 Jul-00 X X - X - - X - X 033-022 E extent of plume
XMW-03HD 40.00 60.00 3.3 Nov-06 X X - X - - X - X 033-022 E extent of plume
XMW-04HD 51.00 61.00 430,000 Nov-06 X X - X - - X - X 033-022 Extent of source area; biodeg transect



XMW-14 58.00 73.00 4,400 Jul-00 X - - - - - X - X Del Amo Alley W extent of plume
XMW-21 54.00 70.00 0.66 Feb-12 X X X X - - X X X Pacific Gateway Separation of plumes to north, south, and east; biodeg transect
XMW-27 59.00 75.00 <2.0 Nov-06 X X - X - - X - X Francisco St W extent of plume 



XMW-28 54.00 71.00 44,000 Nov-06 X X - X X - X X X 034-058 Part of EPA requested biodegradation transect. Coordinate with Montrose to avoid duplicate sampling. 



XMW-29 57.00 73.00 73,000 Feb-12 X X X X - - X - X 034-901 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
XP-02 55.50 75.50 <0.5 Feb-12 X X X X - - X X X 034-066 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program



Analyses



Well IDHSU



Sampling EventScreen (ft btoc) Benzene Result



Selection Rationale  / Comment    Water Level 
Gauging APN / Location



Water Table
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Monitoring and Aquifer Compliance Plan
Del Amo Superfund Site



V:\Projects\28906070 Del Amo Parent Job\600 DLVR\601 - URS (or DM) Prepared\2014 Groundwater Monitoring Work Plan\tables\excel.word files



Top Bottom µg/L Date Baseline 6-month and 
1 year



Year 2+ 
Annual



Year 5 
Review



Montrose 
Baseline and 



Year 5 
Review



Montrose 
Annual



8260B
VOC biodeg



Analyses



Well IDHSU



Sampling EventScreen (ft btoc) Benzene Result



Selection Rationale  / Comment    Water Level 
Gauging APN / Location



 



SWL0010 100.00 116.50 <0.5 Feb-96 X X X X - - X - X Figueroa St E extent of plume near containment zone
SWL0019 73.10 89.60 <0.5 Feb-96 X - - - - - X - X 7350-001-131 Omit from future monitoring if [benzene] < MCL.
SWL0023 88.50 103.80 <0.5 Feb-12 X X X X - - X - X Del Amo Blvd Containment zone 
SWL0029 83.00 88.00 0.65 Nov-06 X X - X - - X - X 7351-035-027 N extent of plume near containment zone
SWL0032 79.00 89.00 660,000 Nov-06 X X - X - - X - X 034-057 Extent of source area
SWL0037 82.00 98.50 <0.50 Feb-12 X X X X - - X X X 034-068 E extent of plume / containment zone / background concentrations of biodegradation parameters
SWL0041 77.00 92.75 11,000 Nov-06 X X - X - - X - X 034-078 SE extent of waste pit area
SWL0047 82.00 92.00 <0.29 Nov-06 X X X X - - X X X 034-052 N extent of plume/containment zone; biodeg transect
SWL0048 83.00 93.00 180,000 Nov-06 X X X X - - X X X 034-066 Interior of plume; biodeg transect
SWL0050 72.50 82.00 78,000 Nov-06 X X X X - - X X X 034-077 S extent of waste pit area; biodeg transect
SWL0052 78.30 93.70 <0.5 Nov-06 X - - - - - X - X Vermont Ave Omit from future monitoring if [benzene] < MCL.
SWL0056 75.00 85.00 <0.5 Feb-12 X - - - - - X - X New Hampshire Ave Omit from future monitoring if [benzene] < MCL.
SWL0060 90.00 93.00 15 Feb-12 X X X X - - X - X 033-017 SE of source area
XG-01WC 80.00 90.00 <0.50 Feb-12 X X X X - - X X X New Hampshire/204th SE extent of plume; biodeg transect
XG-02WC 82.00 92.00 0.93 Feb-12 X X X X X X X - X Catalina St S of containment zone. Coordinate with Montrose to avoid duplicate sampling. 
XGW-07C 86.30 90.90 NA NA X - - - - - X - X off-site EPA request for TBA data to be included in VOC analysis.



XP-03 85.00 95.00 <0.5 Feb-12 X X - X - - X - X Del Amo Blvd E extent of plume at waste pits
SWL0013 131.80 147.60 <0.58 Nov-06 X X - X - - X - X 033-031 Near containment zone
SWL0018 122.00 139.00 <0.50 Feb-12 X X X X - - X - X 034-066 Separation of plume; containment zone; biodeg transect
SWL0030 104.00 119.80 <0.50 Nov-06 X X - X - - X - X 7351-035-027 NW extent of plume near containment zone 
SWL0033 124.30 140.00 <40 Feb-12 X X - X X X X - X Budlong Ave Containment zone. Gauged and sampled by Montrose. 
SWL0035 121.00 136.00 <0.50 Nov-06 X X X X - - X - X 034-068 E extent of in MBFC and containment zone; biodeg transect
SWL0040 118.50 135.00 1,100 Feb-08 X X X X - - X - X 034-078 Waste pits area
SWL0053 118.30 127.80 <0.5 Feb-12 X X X X - - X - X Vermont Ave SE extent of plume and containment zone
SWL0054 120.20 129.70 1.3 Feb-12 X X - X - - X - X 034-057 W extent of source area
SWL0055 120.30 129.80 <0.50 Feb-12 X X - X - - X - X 034-077 Interior of waste pits plume
SWL0058 118.10 127.70 1.1 Nov-06 X X - X X X X - X 034-058 SW of plume. Coordinate with Montrose to avoid duplicate sampling. 
SWL0061 115.00 120.00 <0.68 Nov-06 X X X X - - X - X 034-057 Monitor for downward migration of impacts in MBFB; biodeg transect
SWL0064 114.20 129.20 1.5 Nov-06 X X - X - - X - X 034-058 W extent of plume
SWL0065 115.00 130.00 95,000 Feb-12 X X X X - - X - X 034-058 Interior of plume; biodeg transect
XBF-06 115.00 125.00 <120 Feb-14 X - - - - - X - X 7351-34-901 Confirm west of Del Amo benzene plume
XBF-13 117.00 137.00 1,200 Feb-08 X X - X - - X - X Del Amo Blvd Interior of waste pits plume



SWL0020 180.60 196.40 <0.5 Feb-96 - - - - - - - - X 7350-001-131 Included for water level monitoring only; outside of plume area
SWL0022 179.50 195.30 <0.5 Nov-06 X X X X - - X - X 033-031 SE extent of on-site plume
SWL0025 195.00 210.80 <0.50 Nov-06 X X X - - X - X Figueroa St Monitor TBA outside of hydraulic capture zone
SWL0026 159.80 175.50 0.67 Feb-12 - - - - X X - - X 001-018 Outside of plume; included for water level monitoring only
SWL0036 178.00 194.00 <0.5 Nov-06 X X - X - - X - X 034-068 Upgradient chlorinated VOC impacts
SWL0063 172.70 187.00 460 Feb-12 X X X X X - X - X 034-058 Center of on-site plume. Coordinate with Montrose to avoid duplicate sampling. 
SWL0066 172.00 187.00 0.29 Nov-06 X X - X - - X - X 034-057 NW extent of on-site plume



XG-17 172.00 212.00 6.7 Feb-93 X X X X X X X - X 034-901 S ext of on-site plume. Gauged and sampled by Montrose. 
Notes:
HSU = hydrostratigraphic unit µg/l = micrograms per liter * = Well to be sampled annually as part of waste pit OU performance monitoring event; NOT included in 6-month sampling event
VOC = volatile organic compound MCL = maximum contaminant level Wells that are screened in both the Water Table and MFBS are listed once only in the Water Table.
APN = Assessor's parcel number biodeg = biodegradation parameters
TBA = tert-Butyl alcohol
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1997 1998 1999 2000 2004 2006 2012 2014



Change in 
Level over 
Period of 
Record



Average 
Rate of 



Change in 
Level



Jul Oct Mar Jun Oct Jan May Oct Jan Feb Jan Jun Jan Oct Feb Sep (ft) (ft/yr)
PZL0001   -20.05   -20.32   -19.19   -18.65   -18.97   -18.41   -18.70   -18.73   -19.08   -18.43   -17.21   -17.12   -16.38   -12.36   -10.04   -10.48 9.57 0.48
PZL0002   -13.49   -13.56   -12.78   -12.44   -12.31   -12.06   -11.83   -11.71    -8.69   -10.52    -8.74 -9.81*    -9.65    -7.34    -6.23 -- 7.26 0.41
PZL0003   -13.92   -14.01   -13.38   -12.97   -12.82   -12.37   -12.10   -11.95   -11.54   -10.85    -9.58    -9.70    -9.16    -6.33    -7.34 -- 6.58 0.37
PZL0004   -17.05   -17.23   -16.12   -15.61   -15.92   -15.58   -14.29   -15.34   -15.45   -14.70 -13.59*   -13.82   -13.65   -10.60    -8.66 -- 8.39 0.48
PZL0005   -12.00   -12.09   -11.67   -11.14   -11.37   -10.92   -10.87   -10.76   -10.46   -10.12    -8.90    -8.94    -6.50    -5.02    -3.87 -- 8.13 0.46
PZL0006   -17.72   -17.94   -17.06   -16.47   -16.82   -16.60   -16.37   -15.05   -15.96   -16.62   -14.52   -14.39   -13.94   -10.40    -8.59    -9.37 8.35 0.41
PZL0007   -18.74   -18.98 --   -17.58   -17.65   -17.10   -17.35   -17.44   -17.48   -16.78   -15.92   -15.96   -14.39   -10.96    -9.39    -9.58 9.16 0.45
PZL0008   -14.59   -14.51   -13.81   -13.35   -13.08   -12.68   -12.49   -12.33   -12.11   -11.32   -10.20   -10.45   -10.50    -8.14    -6.88 -- 7.71 0.44
PZL0009   -17.47   -17.48   -17.00   -16.42   -16.34   -15.95   -15.74   -15.25   -15.65   -14.87   -13.47   -13.77   -13.35   -10.11    -8.07    -9.16 8.31 0.41
PZL0010   -17.76   -17.87   -16.95   -16.57   -16.60   -16.30   -16.19   -16.07   -16.21   -15.23   -14.35   -14.52   -13.94   -10.60    -8.91    -9.67 8.09 0.40
PZL0011   -17.16   -17.10   -16.88   -15.88   -15.92   -15.83   -15.65   -15.60   -15.72   -15.23   -13.98   -14.29   -13.15    -9.78    -7.29    -9.26 7.90 0.39
PZL0012   -19.61   -18.70   -18.47   -17.71   -18.04 -17.46*   -17.56   -16.01   -17.84 -- -- --   -13.67   -11.31    -8.50    -8.53 11.08 0.55
PZL0013   -15.96   -16.04   -15.93   -15.44   -15.48   -15.58   -15.46   -15.21   -15.32   -14.78   -13.88   -15.06   -13.31   -11.63    -8.77    -8.97 6.99 0.35
PZL0014   -16.04   -15.98   -15.27   -14.90   -14.64   -14.33   -14.09   -13.92   -13.91   -12.57   -11.53   -11.89   -11.62    -8.77    -7.74    -8.86 7.18 0.36
PZL0015   -14.72   -14.73   -14.25   -13.65   -13.48   -13.14   -12.95   -12.84   -12.92   -11.75   -10.65   -11.05   -10.95    -5.50    -7.43 -- 7.29 0.41
PZL0016   -17.91   -17.81   -17.46   -16.90   -16.79   -16.50   -16.15   -15.87   -15.89   -14.54 -13.96*   -14.01   -13.56   -10.49    -8.88    -9.51 8.40 0.42
PZL0017   -13.10   -13.11   -12.62   -12.07   -11.82   -11.49   -11.39   -11.32   -11.27   -10.40    -9.21    -9.66    -9.76    -7.58    -7.00 -- 6.10 0.35
PZL0018   -19.44   -19.64   -17.57   -17.31   -17.98   -17.84   -17.35   -19.76   -17.38   -15.72   -16.03   -16.16   -15.17   -11.24    -8.88    -9.92 9.52 0.47
PZL0019   -18.73   -18.64   -18.16   -16.88   -16.78   -16.67   -16.17   -16.48   -16.26   -15.65   -14.19 --   -12.31   -11.10    -8.55    -8.58 10.15 0.50
PZL0020   -17.42   -17.63   -16.78   -15.16   -15.45   -15.27   -15.37   -15.69   -13.49   -14.70   -13.65   -14.47   -13.89   -10.88    -8.75    -9.66 7.76 0.39
PZL0021   -20.01   -20.19   -19.22   -18.98   -18.88   -18.58   -13.42   -18.04   -17.87   -17.29   -15.26   -16.46   -15.91 -- -- -- 4.10 0.43
PZL0022   -18.95   -18.88   -19.25   -18.83   -18.73   -18.87   -18.78   -18.95   -18.87   -18.35   -17.01   -17.62   -14.89 -10.93*    -8.78    -9.76 9.19 0.46
PZL0023   -18.88   -17.30   -17.47 -- -- -- -- -- -- -- -- -- -- -- -- -- 1.41 2.18
PZL0024   -18.71   -18.27   -18.62 -16.26*   -16.13 -16.28*   -16.11   -16.38   -15.75   -14.28   -13.54 -- -- --    -8.47    -9.49 9.22 0.46
PZL0025   -19.24 -17.81*   -18.03   -16.86   -17.11   -16.99   -17.12   -17.14   -16.86   -16.38   -14.93   -15.68   -14.80 -11.64*    -9.00    -9.39 9.85 0.49
PZL0026   -14.58   -14.61   -14.57   -14.21   -14.18   -14.16   -14.02   -14.09   -14.44   -13.64   -12.97   -12.93   -12.76   -10.47    -8.33    -8.49 6.09 0.30
SWL0001   -18.09   -20.62   -18.28   -17.02   -17.23   -17.21 -- --   -30.53   -15.60   -14.82   -15.68   -14.56   -12.50 -9.29* -- 8.80 0.50
SWL0002   -18.43   -18.43   -18.07   -17.44   -17.31   -17.06 --   -16.56   -16.63   -15.78   -14.75   -14.52   -14.14   -11.03 -9.06*    -9.99 8.44 0.42
SWL0003   -18.97   -18.33   -17.91   -17.25   -17.14 -16.90* --   -16.48   -16.69   -15.53   -14.50   -14.58   -14.18   -10.79    -9.04    -9.86 9.11 0.45
SWL0004   -18.47   -18.51   -18.10   -17.57   -17.45   -17.07 --   -16.91   -17.18   -15.87   -15.02 --   -14.40   -11.06 -9.14*    -9.99 8.48 0.42
SWL0005   -18.13   -18.51   -16.80   -16.16   -16.61   -16.37   -16.64   -16.65   -16.44   -13.88   -14.96 -15.33*   -15.02   -11.34    -9.16    -9.59 8.54 0.42
SWL0006   -20.04   -19.81   -19.15 -18.62*   -18.73   -18.38   -18.22   -18.20   -18.39   -17.61 -16.93*   -16.93   -15.58   -12.21    -9.99   -10.58 9.46 0.47
SWL0007   -16.65   -16.64   -16.29   -15.87   -15.49   -15.27   -14.93   -14.62   -14.61   -13.56   -12.51   -12.75   -12.59    -9.83    -8.13    -8.92 7.73 0.38
SWL0008   -17.42   -17.42   -15.86   -15.06   -15.18   -15.40   -15.16   -15.57   -15.74   -14.60   -13.60   -14.32   -13.96   -10.86    -8.75    -9.70 7.72 0.38
SWL0009   -15.34   -15.44   -12.87   -12.38   -12.89   -12.91   -12.69   -12.94   -12.23   -10.67    -9.68    -9.19   -10.18   -10.96    -6.88    -7.42 7.92 0.39
SWL0012   -13.27   -13.29   -12.69   -12.30   -12.07   -11.87   -11.65   -11.58   -11.48   -10.82    -9.42    -9.51    -9.39    -6.88    -5.88 -- 7.39 0.42
SWL0015   -20.76   -20.89   -19.93   -19.19   -19.46   -18.75   -19.61   -19.09   -19.54   -18.96   -17.89   -17.91   -16.73   -12.52   -10.43   -10.84 9.92 0.49
SWL0016   -18.28   -18.50   -17.27   -16.83   -17.26 -16.82*   -15.38   -16.72   -16.86   -16.08   -14.88   -15.15   -14.65   -10.99    -8.44    -9.57 8.71 0.43
SWL0017   -17.75   -17.75   -17.01   -16.55   -16.64   -16.27   -16.13   -15.88   -16.20   -15.31 --   -14.45   -13.68   -10.46    -8.75    -9.50 8.25 0.41
SWL0021   -20.34   -20.61   -19.55   -19.00   -19.24   -18.61   -18.82   -17.53   -19.39   -16.77   -17.73   -16.80   -16.62   -13.50   -10.38   -10.67 9.67 0.48
SWL0024   -19.86   -20.11   -19.04   -18.49   -18.85   -18.22   -19.74   -18.65   -18.89   -16.43   -16.34   -16.41   -14.43   -11.77    -9.75   -10.23 9.63 0.48
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Change in 
Level over 
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Record
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Change in 
Level



Jul Oct Mar Jun Oct Jan May Oct Jan Feb Jan Jun Jan Oct Feb Sep (ft) (ft/yr)



1996HSU Location 1994 1995



SWL0028   -17.86   -17.99   -17.17   -16.06   -15.82   -15.84   -15.63   -15.79   -15.79   -15.52   -13.28   -13.43   -13.54    -8.75   -10.56    -9.28 8.58 0.43
SWL0038   -15.69   -15.72   -15.20   -14.77   -14.49   -14.18   -13.99   -13.79   -13.84   -12.55   -11.58   -11.98   -11.63    -9.12    -7.77    -8.56 7.13 0.35
SWL0039   -14.37   -14.18   -13.75   -12.13   -12.90   -12.56   -12.40   -12.29   -12.27   -11.25   -10.13   -10.51   -10.72    -8.27    -7.34 -- 7.03 0.40
SWL0042   -21.47   -21.72   -20.83   -19.99   -20.43   -19.59   -19.99   -19.94   -20.23   -19.99   -18.45   -18.65   -17.48   -13.18   -10.78   -11.25 10.22 0.51
SWL0044 -- -- --   -16.81   -17.26   -17.08   -16.62   -17.13   -16.40   -15.13   -15.21   -15.39   -15.00    -9.68    -8.49    -9.39 7.42 0.39
SWL0045 -- -- -- --    -4.05    -4.14    -3.70    -4.03    -3.90 -- -- -- -- -- -- -- 0.15 0.12
SWL0046 -- -- -- --   -17.47   -17.08   -17.08   -16.29   -16.72   -16.44   -15.42   -15.62   -14.54   -10.65    -7.10    -7.69 9.78 0.52
SWL0049 -- -- -- --   -18.85   -18.52   -18.21   -17.95   -18.13   -17.14   -16.26   -16.16   -15.33   -12.36 -9.75* (-10.50) 9.10 0.56
SWL0051 -- -- -- --   -14.87 -16.10*   -15.20   -15.30   -15.66   -15.38   -13.72 -14.40*   -14.04   -10.94    -8.63    -9.66 5.21 0.28
SWL0057 -- -- -- -- -14.36*   -14.28   -14.52   -14.56   -14.41   -14.08   -12.61   -13.34   -12.99   -10.06    -7.91    -9.14 5.22 0.28
SWL0059 -- -- -- -- -- -- -- -- -- -- -- -- --   -10.36    -8.69    -9.60 0.76 0.10
SWL0068 -- -- -- -- -- -- -- -- -- -- -- -- -- --    -5.59    -5.78 -0.19 -0.07
XGW-07A   -21.58   -19.82 -17.94*   -18.11   -18.46   -17.86   -17.96   -17.97   -17.92   -16.76   -15.92    17.57   -15.28   -12.69    -8.94    -9.38 12.20 0.61
XMW-01   -19.75   -19.49   -19.27   -18.76   -18.48   -18.27   -17.87   -17.67   -17.53   -22.51   -15.56   -15.42 (-14.87) (-11.95) (-9.33) (-10.28) 4.33 0.73



XMW-01HD   -16.06   -16.15   -15.78   -15.41   -15.36   -15.19   -15.04   -15.02   -15.97   -14.61 --   -13.72   -13.35   -11.48    -8.83    -8.98 7.08 0.35
XMW-01T   -18.36   -18.39   -17.80   -17.43   -17.29   -16.98   -16.70   -16.53   -16.29   -15.49 -- -- -- -- -- -- 2.87 0.80
XMW-02 -- -- -- -- -- -- -- -- -- -- -- -- (-13.76) (-12.19) (-9.52) (-10.29) - -



XMW-02HD   -14.93   -15.10   -14.92   -14.40   -14.57   -14.52   -14.68   -14.58   -14.56 --   -13.55 --   -13.21   -11.30    -8.80    -8.95 5.98 0.30
XMW-02T   -18.52   -18.54   -17.98   -17.31   -17.41   -17.09   -16.82   -16.61   -16.36   -15.40 -- -- -- -- -- -- 3.12 0.87
XMW-03 --   -19.10 -- --   -18.17   -17.74   -17.34   -17.01   -17.14   -16.00   -15.12   -15.41 (-14.91) (-11.95) (-9.69) (-10.39) 3.69 0.64



XMW-03HD   -15.41   -15.54   -15.26   -14.68   -14.92   -14.78   -14.86   -14.76   -14.78   -14.24   -13.64   -13.54   -13.39   -11.21    -8.86    -9.27 6.14 0.30
XMW-04   -18.89   -18.79   -18.64   -18.14   -17.84   -17.47   -17.06   -16.78   -16.74   -15.81   -14.95   -14.91 (-14.59) (-11.80) (-9.53) (-10.31) 3.98 0.67



XMW-04HD   -19.36   -19.57   -18.62   -17.83   -18.34   -18.68   -18.01   -17.81   -18.21   -17.44   -16.88   -16.81   -15.55   -12.09    -9.77   -10.05 9.31 0.46
XMW-05   -18.98   -18.77   -18.58   -18.06   -17.79   -17.57   -17.16   -16.88   -16.89   -15.93   -14.97   -14.87 (-14.59) (-11.63) (-9.35) (-10.29) 4.11 0.69
XMW-06   -19.56   -19.40   -19.12   -18.77   -18.61   -18.03   -17.74   -17.46   -17.12   -16.59   -15.52 -- (-14.82) (-12.16) (-9.52) (-10.26) 4.04 0.89
XMW-07 -- -- -- --   -18.34 -- -- -- -- -- -- -- (-14.78) (-12.52) (-9.80) (-10.06) - -
XMW-08 -- -- -- --   -67.17 --   -66.23 -- -- -- -- -- (-20.49) (-11.81) (-9.31) (-9.82) 0.94 1.48
XMW-09   -18.87   -18.77   -18.45   -18.15   -17.93   -17.56   -17.06   -16.77   -16.89 -- --   -19.73 (-16.45) (-11.38) (-9.19) (-9.99) -0.86 -0.14
XMW-10   -18.91   -18.76   -18.45   -18.02   -17.73   -17.48   -17.02   -16.85   -16.87   -15.88   -14.86   -14.81 (-14.42) (-11.46) (-9.21) (-10.23) 4.10 0.69
XMW-11   -19.33   -19.32   -19.06   -18.53   -18.24   -18.05   -17.57   -17.42   -17.31   -16.52   -15.48   -15.35 (-14.77) (-11.77) (-9.38) (-10.29) 3.98 0.67
XMW-12   -19.20   -19.52   -19.11   -18.52   -18.35   -18.18   -17.69   -17.64   -17.44   -16.68   -15.65   -15.65 (-14.98) (-11.90) (-9.43) (-10.29) 3.55 0.60
XMW-13   -19.79   -19.62   -19.28   -18.57   -18.48   -18.17   -17.80   -17.77   -17.83   -16.69   -15.93   -15.85 (-15.15) (-12.03) (-9.66) (-10.48) 3.94 0.66
XMW-14   -19.71   -19.70   -19.42   -18.86   -18.68   -18.36   -18.04   -17.92   -17.94   -16.85   -15.51   -15.79 (-15.04) (-12.18) (-9.69)   -10.36 9.35 0.46
XMW-16 --   -19.96   -19.66 --   -19.05   -18.71   -18.26   -17.91   -17.72   -17.01   -16.18 -- (-15.11) (-12.44) (-9.71) (-10.08) 3.78 0.88
XMW-17 -- -- -- --   -18.48 -- -- -- -- -- -- -- (-14.75) (-12.12) (-9.67) (-9.92) - -
XMW-19   -18.34   -18.14   -17.94   -17.59   -17.38   -17.02   -16.49   -16.26   -16.42   -15.30   -14.24 -- (-14.20) -- (-9.07) (-10.11) 4.10 0.90
XMW-20   -18.40   -18.41   -18.06   -17.39   -17.18 -- -- -- --   -15.79   -14.96 --   -14.32   -11.64 -9.30* -- 9.10 0.52
XMW-21   -18.62   -18.84   -18.29   -18.37   -17.91   -17.48   -17.19   -17.15   -17.14   -16.19   -15.36   -15.51   -15.85 (-11.55) -9.53*   -10.26 8.36 0.42
XMW-22   -19.99   -20.02   -19.75   -19.20   -18.97   -18.49   -18.30   -17.97   -17.99   -17.18   -16.21 -- (-15.31) (-12.35) (-9.83) (-10.31) 3.78 0.83
XMW-23   -20.19   -20.25   -19.49   -18.67   -18.71   -18.42   -18.32   -18.25   -18.37   -17.72 -- --   -15.40 (-11.77) (-9.67) (-10.46) 1.31 0.17
XMW-24   -19.83   -19.81   -19.12   -18.35   -18.41   -18.21   -18.12   -18.05   -18.22   -17.36   -16.07   -16.53   -15.22 (-12.14)    -9.85 (-10.60) 1.54 0.20
XMW-25   -21.03   -21.04   -20.38   -19.77   -19.93   -19.40   -19.34   -18.82   -19.04   -18.70   -17.87   -22.36 (-16.68) (-12.93) (-10.70) (-11.07) 5.61 0.53
XMW-26   -20.09   -19.95   -19.74   -19.17   -18.84   -18.52   -18.24   -18.01   -17.97   -17.20   -16.01   -16.06 (-15.23) (-12.18) (-9.64) (-10.21) 4.03 0.67
XMW-27   -18.70   -18.65   -18.27   -17.90   -17.71   -17.42   -16.96   -16.93   -16.56   -15.92   -14.98   -15.01 (-14.45) (-11.48) (-9.27)   -10.26 8.44 0.42
XMW-28   -19.17   -19.33   -18.67   -18.61   -18.23 -17.98*   -17.57   -17.43   -17.52   -16.67 -15.79*   -15.72   -14.89 -- -9.88*   -10.57 8.60 0.43
XMW-29   -19.79   -19.76   -19.12   -18.56   -18.69   -18.29   -17.92   -17.95   -17.75   -16.98   -16.03   -15.73   -15.00   -11.85 (-9.80)   -10.39 9.40 0.47
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XMW-30   -19.89   -19.83   -19.25   -18.28   -18.44   -18.07   -18.03   -17.78   -18.01   -17.10   -16.00   -16.26 (-15.03) (-11.64) -9.59* (-10.16) 10.30 0.59
XMW-31 -- -- -- -- -- -- -- -- -- -- -- -- -- (-12.01) (-9.73) (-9.91) 2.10 0.27



XP-02   -19.43   -19.64   -17.50   -17.96   -18.08   -17.74   -17.47 --   -17.09   -15.41   -15.85   -16.05   -15.29   -11.80 -9.63*   -10.45 8.98 0.44
XUBT-01 -- -- -- -- -- -- -- -- -- -- -- -- (-14.88) (-12.38) (-9.83) (-10.40) 4.48 0.42
XUBT-02 -- -- -- -- -- -- -- -- -- -- -- -- (-14.91) (-11.99) (-9.85) (-10.42) 4.49 0.42
XUBT-03 -- -- -- -- -- -- -- -- -- -- -- -- (-14.88) (-11.90) (-9.86) (-10.40) 4.48 0.42
PZL0021   -20.01   -20.19   -19.22   -18.98   -18.88   -18.58   -13.42   -18.04   -17.87   -17.29   -15.26   -16.46   -15.91 -- -- -- 4.10 0.43
SWL0001   -18.09   -20.62   -18.28   -17.02   -17.23   -17.21 -- --   -30.53   -15.60   -14.82   -15.68   -14.56   -12.50 -9.29* -- 8.80 0.50
SWL0002   -18.43   -18.43   -18.07   -17.44   -17.31   -17.06 --   -16.56   -16.63   -15.78   -14.75   -14.52   -14.14   -11.03 -9.06*    -9.99 8.44 0.42
SWL0003   -18.97   -18.33   -17.91   -17.25   -17.14 -16.90* --   -16.48   -16.69   -15.53   -14.50   -14.58   -14.18   -10.79    -9.04    -9.86 9.11 0.45
SWL0004   -18.47   -18.51   -18.10   -17.57   -17.45   -17.07 --   -16.91   -17.18   -15.87   -15.02 --   -14.40   -11.06 -9.14*    -9.99 8.48 0.42
SWL0011   -20.19   -20.44   -19.25   -18.86   -19.05   -18.33   -18.71   -18.83   -18.60   -18.13   -17.46 --   -12.61   -10.73    -8.84 -- 11.35 0.65
SWL0019   -21.77   -22.07   -20.99   -20.55   -20.67   -19.49   -20.86   -20.78   -20.72   -19.97   -19.41   -19.39   -17.93   -13.60   -11.85   -11.91 9.86 0.49
SWL0023   -21.08   -21.36   -20.08   -19.88   -19.99   -19.05   -19.74   -19.94   -19.91   -19.18   -18.66   -18.74   -18.22   -13.05   -11.26   -11.59 9.49 0.47
SWL0029   -18.05   -18.10   -17.51   -17.10   -16.97   -16.66   -16.29   -16.27   -15.87   -15.05 -14.14*   -14.31   -13.85 -10.61*    -8.91   -10.03 8.02 0.40
SWL0032   -18.45   -18.63   -18.06   -17.45   -17.41   -17.12 --   -16.92   -17.33   -15.85   -15.09   -16.81   -14.51   -13.18    -9.39   -10.21 8.24 0.41
SWL0037   -19.13   -19.33   -18.28   -17.94   -17.98   -17.58   -17.53   -17.55   -17.58   -16.79   -15.79   -16.04   -15.19 -11.53*    -9.47   -10.31 8.82 0.44
SWL0041   -21.25   -21.68 -20.10*   -19.10   -19.21   -18.64   -18.81   -18.89   -18.70   -18.16   -17.40   -17.52   -16.47   -12.39   -10.50   -10.82 10.43 0.52
SWL0047 -- -- -- --   -17.77   -17.43   -17.27   -17.16   -17.06   -21.34   -15.39   -15.60   -14.84   -11.52    -9.53   -10.36 7.41 0.39
SWL0048 -- -- -- --   -18.43   -18.01   -17.90   -17.94   -17.93   -17.11   -16.00   -16.42   -15.52   -12.11    -9.80   -10.90 7.53 0.40
SWL0049 -- -- -- --   -18.85   -18.52   -18.21   -17.95   -18.13   -17.14   -16.26   -16.16   -15.33   -12.36 -9.75* (-10.50) 9.10 0.56
SWL0050 -- -- -- --   -18.85   -18.35   -18.32   -18.30   -18.00   -17.42   -16.73   -16.85   -15.96   -12.37   -10.26   -10.80 8.05 0.43
SWL0052 -- -- -- --   -19.15   -18.33   -18.86   -18.95   -18.74 --   -17.58   -17.69   -16.50   -12.40   -10.58   -10.85 8.30 0.44
SWL0056 -- -- -- -- -19.77*   -19.09   -19.63   -19.76   -19.54   -19.08   -18.15   -18.42   -17.21   -13.20   -11.03   -11.43 8.34 0.44
XG-01WC -- -- -22.36* -18.21*   -19.23   -18.63   -18.96   -28.79   -18.86   -18.33   -17.52   -17.67   -16.57   -12.62   -10.56   -11.01 11.35 0.58
XG-02WC -- -- -19.59* -19.38*   -19.97   -18.95   -18.82   -19.03   -19.07   -19.29   -17.50   -17.63   -16.39   -12.67   -10.57   -11.06 8.53 0.44
XGW-07C   -19.69   -20.93   -19.62   -20.26   -20.52 -19.55*   -20.39   -19.53   -19.79   -19.12   -18.28   -19.36   -16.99   -13.54   -10.84   -11.21 8.48 0.42
XMW-01   -19.75   -19.49   -19.27   -18.76   -18.48   -18.27   -17.87   -17.67   -17.53   -22.51   -15.56   -15.42 (-14.87) (-11.95) (-9.33) (-10.28) 4.59 0.43



XMW-01T   -18.36   -18.39   -17.80   -17.43   -17.29   -16.98   -16.70   -16.53   -16.29   -15.49 -- -- -- -- -- -- 2.87 0.80
XMW-02 -- -- -- -- -- -- -- -- -- -- -- -- (-13.76) (-12.19) (-9.52) (-10.29) 3.47 0.33



XMW-02T   -18.52   -18.54   -17.98   -17.31   -17.41   -17.09   -16.82   -16.61   -16.36   -15.40 -- -- -- -- -- -- 3.12 0.87
XMW-03 --   -19.10 -- --   -18.17   -17.74   -17.34   -17.01   -17.14   -16.00   -15.12   -15.41 (-14.91) (-11.95) (-9.69) (-10.39) 4.52 0.43
XMW-04   -18.89   -18.79   -18.64   -18.14   -17.84   -17.47   -17.06   -16.78   -16.74   -15.81   -14.95   -14.91 (-14.59) (-11.80) (-9.53) (-10.31) 4.28 0.40
XMW-05   -18.98   -18.77   -18.58   -18.06   -17.79   -17.57   -17.16   -16.88   -16.89   -15.93   -14.97   -14.87 (-14.59) (-11.63) (-9.35) (-10.29) 4.30 0.41
XMW-06   -19.56   -19.40   -19.12   -18.77   -18.61   -18.03   -17.74   -17.46   -17.12   -16.59   -15.52 -- (-14.82) (-12.16) (-9.52) (-10.26) 4.56 0.43
XMW-07 -- -- -- --   -18.34 -- -- -- -- -- -- -- (-14.78) (-12.52) (-9.80) (-10.06) 4.72 0.44
XMW-08 -- -- -- --   -67.17 --   -66.23 -- -- -- -- -- (-20.49) (-11.81) (-9.31) (-9.82) 10.67 1.00
XMW-09   -18.87   -18.77   -18.45   -18.15   -17.93   -17.56   -17.06   -16.77   -16.89 -- --   -19.73 (-16.45) (-11.38) (-9.19) (-9.99) 6.46 0.61
XMW-10   -18.91   -18.76   -18.45   -18.02   -17.73   -17.48   -17.02   -16.85   -16.87   -15.88   -14.86   -14.81 (-14.42) (-11.46) (-9.21) (-10.23) 4.19 0.39
XMW-11   -19.33   -19.32   -19.06   -18.53   -18.24   -18.05   -17.57   -17.42   -17.31   -16.52   -15.48   -15.35 (-14.77) (-11.77) (-9.38) (-10.29) 4.48 0.42
XMW-12   -19.20   -19.52   -19.11   -18.52   -18.35   -18.18   -17.69   -17.64   -17.44   -16.68   -15.65   -15.65 (-14.98) (-11.90) (-9.43) (-10.29) 4.69 0.44
XMW-13   -19.79   -19.62   -19.28   -18.57   -18.48   -18.17   -17.80   -17.77   -17.83   -16.69   -15.93   -15.85 (-15.15) (-12.03) (-9.66) (-10.48) 4.67 0.44
XMW-14   -19.71   -19.70   -19.42   -18.86   -18.68   -18.36   -18.04   -17.92   -17.94   -16.85   -15.51   -15.79 (-15.04) (-12.18) (-9.69)   -10.36 5.35 0.66
XMW-16 --   -19.96   -19.66 --   -19.05   -18.71   -18.26   -17.91   -17.72   -17.01   -16.18 -- (-15.11) (-12.44) (-9.71) (-10.08) 5.03 0.47
XMW-17 -- -- -- --   -18.48 -- -- -- -- -- -- -- (-14.75) (-12.12) (-9.67) (-9.92) 4.83 0.45
XMW-19   -18.34   -18.14   -17.94   -17.59   -17.38   -17.02   -16.49   -16.26   -16.42   -15.30   -14.24 -- (-14.20) -- (-9.07) (-10.11) 4.09 0.38
XMW-20   -18.40   -18.41   -18.06   -17.39   -17.18 -- -- -- --   -15.79   -14.96 --   -14.32   -11.64 -9.30* -- 9.10 0.52
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XMW-21   -18.62   -18.84   -18.29   -18.37   -17.91   -17.48   -17.19   -17.15   -17.14   -16.19   -15.36   -15.51   -15.85 (-11.55) -9.53*   -10.26 8.36 0.42
XMW-22   -19.99   -20.02   -19.75   -19.20   -18.97   -18.49   -18.30   -17.97   -17.99   -17.18   -16.21 -- (-15.31) (-12.35) (-9.83) (-10.31) 5.00 0.47
XMW-26   -20.09   -19.95   -19.74   -19.17   -18.84   -18.52   -18.24   -18.01   -17.97   -17.20   -16.01   -16.06 (-15.23) (-12.18) (-9.64) (-10.21) 5.02 0.47
XMW-27   -18.70   -18.65   -18.27   -17.90   -17.71   -17.42   -16.96   -16.93   -16.56   -15.92   -14.98   -15.01 (-14.45) (-11.48) (-9.27)   -10.26 5.18 0.64
XMW-28   -19.17   -19.33   -18.67   -18.61   -18.23 -17.98*   -17.57   -17.43   -17.52   -16.67 -15.79*   -15.72   -14.89 -- -9.88*   -10.57 8.60 0.43
XMW-29   -19.79   -19.76   -19.12   -18.56   -18.69   -18.29   -17.92   -17.95   -17.75   -16.98   -16.03   -15.73   -15.00   -11.85 (-9.80)   -10.39 9.40 0.47
XMW-30   -19.89   -19.83   -19.25   -18.28   -18.44   -18.07   -18.03   -17.78   -18.01   -17.10   -16.00   -16.26 (-15.03) (-11.64) -9.59* (-10.16) 4.87 0.46



XP-02   -19.43   -19.64   -17.50   -17.96   -18.08   -17.74   -17.47 --   -17.09   -15.41   -15.85   -16.05   -15.29   -11.80 -9.63*   -10.45 8.98 0.44
XP-03 -- -- -19.20*   -19.29   -19.22   -18.53   -18.89   -18.98   -18.78   -18.33   -17.56   -17.67   -16.85   -12.83   -10.83   -11.26 7.94 0.41



SWL0010   -20.10   -20.38   -19.07   -18.78   -18.94   -18.10   -18.79   -19.00   -18.92   -18.63   -17.66   -17.62   -16.38   -12.14   -10.69   -11.12 8.98 0.45
SWL0060 -- -- -- -- -- -- -- -- -- -- -- -- --   -12.29   -10.63   -10.93 1.36 0.17
SWL0013   -20.20   -20.48   -19.28   -18.88   -19.03   -18.37   -18.74   -18.87   -18.83   -18.22   -17.54 --   -15.01   -11.09    -9.06    -9.65 10.55 0.52
SWL0014   -21.56   -21.82   -20.71   -20.27   -20.42   -19.31   -20.14   -20.32   -20.29   -19.55   -18.91   -18.96   -16.48 -- -- -- 5.08 0.53
SWL0018   -19.89   -20.12   -19.23   -19.03   -18.74   -18.25   -18.27   -18.37   -18.38   -17.41 -16.73*   -16.85   -15.88   -12.30   -10.13   -10.94 8.95 0.44
SWL0027   -21.95   -22.15   -20.97   -20.62   -20.77   -19.67   -20.46   -20.66   -20.39   -19.87   -19.07   -19.24   -17.84   -13.67   -11.70 -- 10.25 0.58
SWL0030   -18.09   -18.13   -17.53   -17.14   -17.03   -16.67   -16.36   -16.22   -15.93   -15.11 -14.26*   -14.46   -13.87 -10.56*    -9.03   -10.15 7.94 0.39
SWL0033   -20.18   -20.34   -19.48   -18.95   -19.00   -18.52   -18.48   -18.45   -18.55   -17.58   -16.86   -16.97   -16.16   -12.40 -- -- 7.78 0.63
SWL0035   -19.19   -19.41   -18.38   -18.02   -18.08   -17.64   -17.63   -17.61   -17.63   -16.89   -15.91   -16.14   -15.24 -11.30*    -9.50   -10.08 9.11 0.45
SWL0040   -20.49   -20.25 -19.31*   -19.22   -19.35   -18.75   -19.03   -19.05   -18.79   -18.21   -17.54   -17.50   -16.27   -12.64   -10.51   -10.98 9.51 0.47
SWL0043   -22.31   -21.79   -20.66   -20.26   -20.40   -19.30   -20.11   -20.24   -21.15   -19.50   -18.86   -18.92 -- -- -- -- 3.39 0.57
SWL0053 -- -- -- --   -19.09   -18.24   -18.79   -18.88   -19.72   -18.21   -17.50   -17.57   -16.42   -12.31   -10.78   -10.66 8.43 0.45
SWL0054 -- -- -- -- -17.87*   -17.67   -17.47   -17.39   -17.48   -16.45   -15.60   -15.80 --   -11.60    -9.68   -10.39 7.48 0.40
SWL0055 -- -- -- -- -18.63*   -18.23   -18.22   -18.22   -17.99   -17.46   -16.69   -16.81   -15.90   -12.32   -10.40   -10.84 7.79 0.41
SWL0058 -- -- -- -- --   -18.17   -17.97   -17.95   -18.06   -17.18   -16.29   -16.39   -15.56   -12.26    -7.94   -10.55 7.62 0.41
SWL0061 -- -- -- -- -- -- -- -- -- -- -- -- -- -11.51*    -9.74   -10.50 1.01 0.13
SWL0064 -- -- -- -- -- -- -- -- -- -- -- -- --   -11.95    -9.86   -10.50 1.45 0.18
SWL0065 -- -- -- -- -- -- -- -- -- -- -- -- --   -11.71    -9.36    -9.95 1.76 0.22
XBF-01   -19.37   -19.45   -18.90   -18.48   -18.32   -17.71   -17.48   -17.30   -17.28   -16.10   -15.28   -15.78 (-15.19) (-11.80) (-10.05) (-10.52) 4.67 0.44
XBF-02   -19.39   -19.43   -19.03   -18.66   -18.57   -18.00   -17.63   -17.46   -17.45   -16.33   -15.61   -16.05 (-15.05) (-11.92) (-9.80) (-10.17) 4.88 0.46
XBF-03   -19.42   -19.36   -18.93   -18.57   -18.36   -17.92   -17.55   -17.41   -17.40   -16.29   -15.56   -15.97 (-15.24) (-12.85) (-9.99) (-10.57) 4.67 0.44
XBF-04   -19.37   -19.52   -19.01   -18.63   -18.45 --   -17.27   -17.36   -17.50   -16.35   -15.64   -16.05 (-15.12) (-12.11) (-9.84) (-10.31) 4.81 0.45
XBF-05   -19.30   -19.78   -19.02   -18.57   -18.52 --   -17.89   -17.89   -17.52   -16.95   -16.01   -16.21 -- (-11.95) (-9.93) (-10.63) 1.32 0.17
XBF-06   -19.29   -19.98   -19.32   -18.82   -18.78   -18.36   -18.15   -18.10   -18.16   -17.16   -16.46   -16.47 (-15.55) (-12.08) (-10.00)   -10.67 5.55 0.69
XBF-07   -19.91   -20.16   -19.55   -19.02   -18.99   -18.55   -18.29   -18.21   -18.20   -17.31   -16.60   -16.68 (-15.32) (-12.27) (-10.20) (-10.61) 4.71 0.44
XBF-09   -19.41   -19.46   -18.93   -18.55   -18.18   -17.87   -17.53   -18.55   -13.04   -16.02   -15.22   -15.76 (-15.06) (-11.76) (-11.01) (-10.41) 4.65 0.44
XBF-10   -21.32   -21.48   -20.44   -19.99   -20.12 -19.12*   -19.65   -19.85   -19.90   -19.06   -18.41   -18.55 (-17.57) (-13.21) (-11.11) (-11.50) 6.07 0.57
XBF-13   -20.53   -20.67   -19.57   -19.18   -19.27   -18.66   -18.96   -19.14   -19.16   -18.18   -17.57   -17.69 (-16.62) (-12.58) (-10.35)   -11.02 6.27 0.78
XBF-14   -20.59   -20.64   -19.83   -19.34   -19.35   -18.84   -18.84   -18.81   -18.90   -18.11   -17.03   -17.38 (-16.29) (-12.70) (-10.56) (-11.00) 5.29 0.50
XBF-15   -20.93   -21.01   -20.27   -19.76   -19.72   -19.25   -19.16   -20.55   -19.18   -18.40   -17.41   -17.64 (-16.26) (-12.63) (-10.43) (-10.87) 5.39 0.51
XBF-19   -19.29   -19.33   -18.59   -18.28   -18.16   -17.82   -17.52   -17.52   -17.26   -16.51   -15.66   -15.80 --   -11.73 (-9.68) (-10.61) -0.93 -0.37
XBF-20 -- -- -- --   -67.03 -- -- -- -- -- -- -- (-15.20) (-12.09) (-10.27) (-10.28) 4.92 0.46
XBF-23   -20.40   -20.52   -19.66 -19.16*   -19.18   -18.77   -18.69   -18.73   -18.81   -18.03 -17.32*   -17.26   -16.30   -12.56 (-10.37) (-10.76) -0.39 -0.15
XBF-34 -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.86) (-10.18) (-13.97) -2.11 -0.27
XBF-35 -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.72) (-9.95) (-9.95) 1.77 0.22



SWL0020   -23.62   -24.21   -22.40   -22.52   -22.76   -21.93   -23.37   -23.22   -23.07   -22.46   -22.07 --   -20.32 --   -14.25   -13.94 9.68 0.48
SWL0022   -22.47   -23.04   -21.33   -21.42   -21.41   -20.98   -21.65   -21.80   -21.62   -21.16   -20.55 --   -19.08   -14.52   -13.40   -13.39 9.08 0.45
SWL0025   -23.63   -24.30   -22.42   -22.50   -22.77   -21.96   -23.06   -23.56   -23.39   -22.77   -22.36   -21.78   -20.11   -15.00   -13.36   -13.43 10.20 0.51
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SWL0026   -23.17   -23.63   -21.98   -22.08   -22.18   -21.37   -22.12   -22.42   -22.20   -21.70   -21.12   -21.14   -19.51   -14.95 --   -13.25 9.92 0.49
SWL0031   -20.10   -20.54   -19.27   -19.23   -19.08   -18.49   -18.56   -18.55   -18.14   -17.38   -16.94   -17.47   -16.33 -12.41*   -11.59 -- 8.51 0.48
SWL0034   -21.62   -22.03   -20.67   -20.66   -20.64   -20.10   -20.34   -20.40   -20.28   -19.54   -19.13   -19.21 (-17.95)   -13.84 -- -- 7.78 0.63
SWL0036   -21.97   -22.39   -20.77   -20.98   -20.91   -20.34   -20.78   -21.07   -20.89   -20.16   -19.67   -19.90   -18.63 -14.27*   -12.99   -13.16 8.81 0.44
SWL0063 -- -- -- -- -- -- -- -- -- -- -- -- --   -13.51   -12.26   -12.57 0.94 0.12
SWL0066 -- -- -- -- -- -- -- -- -- -- -- -- --   -13.00   -11.88   -12.24 0.76 0.10
SWL0067 -- -- -- -- -- -- -- -- -- -- -- -- --   -12.64   -11.80 -- 0.84 0.16
XDA-1B   -22.90   -23.46   -21.82   -21.85   -21.97   -20.95   -22.08   -22.05   -21.95   -21.28   -20.86   -20.82   -24.65 -- -- -- -1.75 -0.18
XG-01   -19.01   -19.37   -19.25   -19.10   -18.89   -18.32   -18.11   -15.40   -17.88   -16.91   -16.44   -17.03 (-15.87) (-12.27) (-11.16) (-11.48) 4.39 0.41
XG-02   -20.41   -20.75   -19.65   -19.57   -19.41   -18.86   -18.76   -18.77   -18.67   -17.67   -17.15   -17.67 (-16.18) (-12.86) (-11.67) (-11.85) 4.33 0.41
XG-03   -20.17   -20.49   -19.49   -19.35   -20.15   -18.49   -18.30   -16.38   -18.24   -17.32   -16.78   -17.33 (-16.11) (-12.48) (-11.24) (-11.38) 4.73 0.44
XG-04   -20.70   -21.14   -19.89   -19.00   -19.66   -19.18   -19.18   -19.24   -18.77   -18.27   -17.67   -18.04 (-16.72) (-12.91) (-11.75) (-12.02) 4.70 0.44
XG-05   -20.81   -21.19   -20.01   -19.90   -19.79   -19.28   -19.29   -19.36   -19.15   -18.42   -17.95   -18.16 (-17.02) (-13.11) (-11.70) (-11.88) 5.14 0.48
XG-06   -20.86   -21.25   -20.03   -19.89   -19.90   -19.31   -19.28 -- --   -18.40   -18.02   -18.23 (-16.93) (-13.08) (-11.68) (-11.83) 5.10 0.48
XG-08   -21.48   -21.89   -20.60   -20.57   -20.54   -19.98   -20.12   -18.71   -20.09   -19.48   -18.81   -18.99 (-17.88) (-13.82) (-12.25) (-12.28) 5.60 0.53
XG-09   -22.74   -23.17   -21.64   -21.70   -21.77 --   -22.01   -21.90   -21.60   -21.11   -20.55   -20.66 (-19.19) (-14.61) (-13.10) (-13.12) 6.07 0.57
XG-11   -22.36   -22.86   -21.23   -21.35   -21.40   -20.84   -21.33   -21.58   -21.47   -20.84   -20.36   -20.39 (-19.04) (-14.46) (-13.19) (-13.36) 5.68 0.53
XG-12   -22.03   -22.49   -20.99   -20.97   -21.06   -20.43   -20.75   -20.94   -20.93   -20.18   -19.57 -- (-18.50) (-15.10) (-12.65) (-12.77) 5.73 0.54
XG-13   -22.02   -22.53   -21.03   -21.01   -21.05   -20.47   -20.72   -20.86   -20.75   -20.12   -19.49   -19.65 (-18.26) (-14.03) (-12.56) (-12.56) 5.70 0.54
XG-14   -20.45   -20.85   -19.61   -19.60   -19.43   -18.87   -18.86   -18.93   -18.49   -17.88   -17.37   -19.32   -16.58   -12.80 (-11.57) (-12.03) -0.46 -0.18
XG-15   -20.30   -20.59   -19.68   -22.13   -19.32   -18.74   -18.53   -21.07   -18.28   -17.52   -17.10   -17.50 (-17.88) (-12.53) (-11.17) (-11.18) 6.70 0.63
XG-16   -21.59   -22.00   -20.74   -20.70   -20.65   -20.12   -20.17   -20.19   -20.13   -19.50   -19.88   -19.05 (-17.63) (-13.68) (-12.15) (-12.10) 5.53 0.52
XG-17   -21.55   -21.95   -20.56   -20.58   -20.59   -20.01   -20.24   -20.40   -20.21   -19.51   -19.06 -- (-17.31) (-13.61) (-12.22) (-12.26) 5.05 0.47
XG-18   -23.00   -23.38   -24.09   -21.90   -22.03   -21.23   -21.82   -22.13   -21.85   -21.45   -20.85   -20.82 (-19.50) (-14.89) (-13.13) (-13.15) 6.35 0.60
XG-19   -22.74   -23.07   -21.67   -21.63   -21.73   -21.09   -21.45   -16.84   -21.40   -21.06   -20.54   -20.40 (-18.97) -- -- -- 2.34 0.39



XG-19A -- -- -- -- -- -- -- -- -- -- -- -- -- (-14.45) (-12.37) (-12.88) 1.57 0.20
XG-20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.00) (-11.02) -0.02 -0.01
XG-21 -- -- -- -- -- -- -- -- -- -- -- -- -- (-12.30) (-11.65) (-11.79) 0.51 0.06



XLG-01   -20.42   -20.75   -19.66   -19.58   -19.41   -18.87   -18.72   -21.45   -18.60   -17.66   -17.21   -17.68 (-16.45) (-12.73) (-11.48) (-11.68) 4.77 0.45
XLG-02   -20.18   -20.53   -19.51   -19.36   -19.22   -18.63   -18.41   -18.45   -18.32   -17.35   -16.88   -17.38 (-16.22) (-12.76) (-11.27) (-11.59) 4.63 0.44



Notes:
-- - Not Available
* = Measurement taken before purging during sample round.
All elevations in feet MSL.
Measurments in parenthesis "( )" provided by  Montrose.
Well SWL0032 contained 2.33 feet of NAPL during the September 2014 monitoring event
Well PZL0019 contained 1.65 feet of NAPL at the bottom of the well during the September 2014 monitoring event



Gage











TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep
MWC017 MBFC pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77)
MWC021 MBFC pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 51 9.6|J
Benzene µg/L -- -- -- 0.28|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
Dichlordifluoromethane µg/L -- -- -- 3.0 -- -- -- -- -- -- -- -- -- -- 5.3 2.9
Ethylbenzene µg/L -- -- -- 0.38|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Chloroform µg/L -- -- -- 3.1 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 1.8 -- -- -- -- -- -- -- -- -- -- -- --
Acetone µg/L -- -- -- 7.3|J -- -- -- -- -- -- -- -- -- -- -- --
Bromodichloromethane µg/L -- -- -- 0.68|J -- -- -- -- -- -- -- -- -- -- -- --
Chloroform µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 0.74|J -- -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- -- 17 -- -- -- -- -- -- -- -- -- -- --
n-Butylbenzene µg/L -- -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- --
sec-Butylbenzene µg/L -- -- -- -- 4.0 -- -- -- -- -- -- -- -- -- -- --
1,2-Dichloroethane µg/L -- -- -- -- 0.65 -- -- -- -- -- -- -- -- -- -- --
Ethylbenzene µg/L -- -- -- -- 780 -- -- -- -- -- -- -- -- -- -- --
2-Hexanone µg/L -- -- -- -- 24 -- -- -- -- -- -- -- -- -- -- --
Isopropylbenzene µg/L -- -- -- -- 9.2 -- -- -- -- -- -- -- -- -- -- --
n-Propylbenzene µg/L -- -- -- -- 5.5 -- -- -- -- -- -- -- -- -- -- --
Styrene µg/L -- -- -- -- 1.1 -- -- -- -- -- -- -- -- -- -- --
Toluene µg/L -- -- -- -- 2.3 -- -- -- -- -- -- -- -- -- -- --
m,p-Xylene µg/L -- -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- <2.1Ux| -- -- -- -- -- -- -- -- -- -- -- 0.18|J
sec-Butylbenzene µg/L -- -- -- 0.93|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,1-Dichloroethene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- -- 1.1
Tetrachloroethene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- 0.79|J -- -- -- -- -- -- -- -- -- -- -- <1.0



PZL0007 Water Table VOCs 8240/60 Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.40|J
Acetone µg/L -- -- -- 7.3|J -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- -- -- 72Jm| -- -- -- -- -- -- -- -- -- -- -- 11
n-Butylbenzene µg/L -- -- -- 2.1 -- -- -- -- -- -- -- -- -- -- -- <1.0
sec-Butylbenzene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 21
Chlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.27|J
Chloroform µg/L -- -- -- 0.51|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 71
1,2-Dichloroethane µg/L -- -- -- 6.3 -- -- -- -- -- -- -- -- -- -- -- <0.50
cis-1,2-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.88|J
trans-1,2-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.52|J
Ethylbenzene µg/L -- -- -- 23 -- -- -- -- -- -- -- -- -- -- -- 0.93|J
Isopropylbenzene µg/L -- -- -- 16 -- -- -- -- -- -- -- -- -- -- -- <1.0
n-Propylbenzene µg/L -- -- -- 0.19|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- 15 -- -- -- -- -- -- -- -- -- -- -- 0.58|J
Trichloroethene µg/L -- -- -- 0.46|J -- -- -- -- -- -- -- -- -- -- -- 4.0
1,2,4-Trimethylbenzene µg/L -- -- -- 0.44|J -- -- -- -- -- -- -- -- -- -- -- 0.74|J
m,p-Xylene µg/L -- -- -- 22 -- -- -- -- -- -- -- -- -- -- -- 0.99|J
o-Xylene µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Benzene µg/L -- -- -- <0.50 28 -- -- -- -- -- -- -- -- -- -- <0.50
Bromodichloromethane µg/L -- -- -- <1.0 1.6 -- -- -- -- -- -- -- -- -- -- <1.0
sec-Butylbenzene µg/L -- -- -- <1.0 1.6 -- -- -- -- -- -- -- -- -- -- <1.0
Chloroform µg/L -- -- -- 0.44|J <1.0 -- -- -- -- -- -- -- -- -- -- 0.87|J
1,2-Dichloroethane µg/L -- -- -- <0.50 7.6 -- -- -- -- -- -- -- -- -- -- <0.50



PZL0005



PZL0006



PZL0009



PZL0010



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



Water Table



Water Table



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Water Table



PZL0001



PZL0003



PZL0004



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Ethylbenzene µg/L -- -- -- <1.0 4.6 -- -- -- -- -- -- -- -- -- -- <1.0
2-Hexanone µg/L -- -- -- <10 41 -- -- -- -- -- -- -- -- -- -- <10
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.34Jf|J <1.0 -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- <1.0 2.8 -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- <1.0 1.2 -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2,700 400
Acetone µg/L -- -- -- <1,000 -- -- -- -- -- -- -- -- -- -- -- 15|J
tert-Amyl Methyl Ether (TAME) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8.7
Benzene µg/L -- -- -- 8,100 -- -- -- -- -- -- -- -- -- -- -- 120
sec-Butylbenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 0.90|J
Chlorobenzene µg/L -- -- -- 4.8|J -- -- -- -- -- -- -- -- -- -- -- 0.27|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 71
Ethylbenzene µg/L -- -- -- 470 -- -- -- -- -- -- -- -- -- -- -- 8.1
Isopropylbenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 0.68|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 23 -- -- -- -- -- -- -- -- -- -- -- 120
Naphthalene µg/L -- -- -- 27|J -- -- -- -- -- -- -- -- -- -- -- <10
n-Propylbenzene µg/L -- -- -- 5.7|J -- -- -- -- -- -- -- -- -- -- -- 0.18|J
Styrene µg/L -- -- -- 1,600 -- -- -- -- -- -- -- -- -- -- -- 17
Toluene µg/L -- -- -- 6,400 -- -- -- -- -- -- -- -- -- -- -- 71
1,2,4-Trimethylbenzene µg/L -- -- -- 8.7|J -- -- -- -- -- -- -- -- -- -- -- 0.70|J
m,p-Xylene µg/L -- -- -- 970 -- -- -- -- -- -- -- -- -- -- -- 13
o-Xylene µg/L -- -- -- 490 -- -- -- -- -- -- -- -- -- -- -- 6.3



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 580
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 450



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.95
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.0



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.3
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9.4



Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -75.8
Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4,600 2,800
Acetone µg/L -- -- -- <1,300 -- -- -- -- -- -- -- -- -- -- -- 78
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 19|J -- -- -- -- -- -- -- -- -- -- -- 3.2



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 740
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 690



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.95
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.8



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.6Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2,100



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -106.9
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130



VOCs 8240/60 Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 330,000
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 400



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150
Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.8



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.0050



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.0
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 55
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150



Benzene µg/L -- -- -- 0.68 -- -- -- -- -- -- -- -- -- -- -- <0.50
Chloroform µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- -- <1.0



PZL0014



PZL0011



PZL0012



PZL0013



VOCs



VOCs



Biodeg



VOCs



Biodeg



Biodeg



8240/60



300.0



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 2.0
Chloroform µg/L -- -- -- 12|J -- -- -- -- -- -- -- -- -- -- -- 8.6|J
1,1-Dichloroethane µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 5.6|J
cis-1,2-Dichloroethene µg/L -- -- -- 1,900 -- -- -- -- -- -- -- -- -- -- -- 1,500
trans-1,2-Dichloroethene µg/L -- -- -- 51 -- -- -- -- -- -- -- -- -- -- -- 28
Tetrachloroethene µg/L -- -- -- 910 -- -- -- -- -- -- -- -- -- -- -- 330
Trichloroethene µg/L -- -- -- 770 -- -- -- -- -- -- -- -- -- -- -- 400



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- 11 <500 <200 <200 <500 <10 --
Benzene µg/L -- -- -- -- -- -- -- -- -- 20,000 4,200 2,500 <0.50 6,300 1,700 <0.50
n-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- 1.1 <50 <20 <20 <50 <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- 4.7 <50 <20 <20 <50 <1.0 <1.0
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- 140 <50 <20 <1.0 <50 4.0 <1.0
Isopropylbenzene µg/L -- -- -- -- -- -- -- -- -- 8.3 <50 <20 <20 <50 <1.0 <1.0
Naphthalene µg/L -- -- -- -- -- -- -- -- -- 140 <500 <200 <200 <500 <10 <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- 3.3 <50 <20 <20 <50 <1.0 <1.0
Styrene µg/L -- -- -- -- -- -- -- -- -- 3.5 <50 <20 <20 <50 <1.0 <1.0
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- 2.8 <50 <20 <20 <50 2.2 1.1
Toluene µg/L -- -- -- -- -- -- -- -- -- 17 <50 <20 <20 <50 1.2 <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- 4.4 <50 <20 <20 <50 <1.0 <1.0
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- 1.2 <50 <20 <20 <50 <1.0 <1.0
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- <1.0 -- -- <20 -- 2.4 <1.0
o-Xylene µg/L -- -- -- -- -- -- -- -- -- <1.0 <50 <20 <20 <50 1.6 <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 46 -- -- <20 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 46 <50 <20 <20 <50 -- --



SVOCs 8270 Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 27 -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <5,000 -- <25,000 <25,000 <20,000 -- --



Benzene µg/L -- -- -- -- -- -- -- -- -- 350,000 -- 360,000 400,000 250,000 -- --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- 14,000 -- 8,800 5,900 4,800 -- --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- <5,000 -- <25,000 <25,000 <20,000 -- --



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 67 -- --
Styrene µg/L -- -- -- -- -- -- -- -- -- 570 -- <2,500 <2,500 <2,000 -- --
Toluene µg/L -- -- -- -- -- -- -- -- -- 550 -- <2,500 <2,500 <2,000 -- --
Bis(2-Ethylhexyl) Phthalate µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 84 -- --
1-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 12 -- --
2-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 18 -- --
Phenanthrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 11 -- --
Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 120 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <50,000 -- <25,000 <25,000 <20,000 -- <5,000
Benzene µg/L -- -- -- 290,000 -- -- -- -- -- 530,000 -- 410,000 370,000 190,000 -- 280,000
1,2-Dichloroethane µg/L -- -- -- 170 -- -- -- -- -- <2,500 -- <1,300 <1,300 <1,000 -- <250
Ethylbenzene µg/L -- -- -- 15,000 -- -- -- -- -- 14,000 -- 15,000 13,000 5,800 -- 9,800
Isopropylbenzene µg/L -- -- -- 140|J -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- <500
Naphthalene µg/L -- -- -- 180|J -- -- -- -- -- <50,000 -- <25,000 <25,000 <20,000 -- <5,000



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 170 -- --
n-Propylbenzene µg/L -- -- -- 52|J -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- <500
Toluene µg/L -- -- -- 1,600 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 970
1,2,4-Trimethylbenzene µg/L -- -- -- 310 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 240|J
Vinyl Chloride µg/L -- -- -- 61|J -- -- -- -- -- <2,500 -- <1,300 <1,300 <1,000 -- <250
m,p-Xylene µg/L -- -- -- 1,200 -- -- -- -- -- <5,000 -- -- <2,500 -- -- 470|J
o-Xylene µg/L -- -- -- 690 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 360|J



SVOCs 8270 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- All ND -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --



VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- All ND -- All ND All ND All ND -- All ND
SVOCs 8270 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- All ND -- --



PZL0016



PZL0018



PZL0019



PZL0020



PZL0022



PZL0024



VOCs



VOCs



VOCs



SVOCs



VOCs



8240/60



8240/60



8240/60



8270



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- <10 <10 <10 -- --
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- All ND All ND All ND -- All ND
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- <10 <10 <10 -- --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- 0.63 <0.50 <0.50 -- <0.50
tert-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- <1.0 <1.0 <1.0 -- 0.50|J
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- <0.50 <0.50 <0.50 -- 3.5



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 670



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 430
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- 0.20 0.41



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.6
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.4



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.4
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -100 -45.90
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 280



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 73,000 76,000
Acetone µg/L -- -- -- 390|J -- -- -- -- -- -- -- -- -- -- -- <500
Benzene µg/L -- -- -- 91 -- -- -- -- -- -- -- -- -- -- -- 53
Chlorobenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 8.7|J
m,p-Xylene µg/L -- -- -- 11|J -- -- -- -- -- -- -- -- -- -- -- 11|J
Benzene µg/L -- -- -- <19Ux| -- -- -- -- -- -- -- -- -- -- -- 0.48|J
1,1-Dichloroethane µg/L -- -- -- 1.8|J -- -- -- -- -- -- -- -- -- -- -- 0.67|J
1,1-Dichloroethene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- -- 2.0
cis-1,2-Dichloroethene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 4.7
trans-1,2-Dichloroethene µg/L -- -- -- 9.8 -- -- -- -- -- -- -- -- -- -- -- 1.1
Tetrachloroethene µg/L -- -- -- 350 -- -- -- -- -- -- -- -- -- -- -- 230
Toluene µg/L -- -- -- <2.0 -- -- -- -- -- -- -- -- -- -- -- 0.24|J
Trichloroethene µg/L -- -- -- 130 -- -- -- -- -- -- -- -- -- -- -- 44
Benzene µg/L -- -- -- 170,000Jm| -- -- -- -- -- -- -- -- -- -- -- 2.1
1,1-Dichloroethane µg/L -- -- -- 180 -- -- -- -- -- -- -- -- -- -- -- 180
1,2-Dichloroethane µg/L -- -- -- <100 -- -- -- -- -- -- -- -- -- -- -- 1.2
1,1-Dichloroethene µg/L -- -- -- 230 -- -- -- -- -- -- -- -- -- -- -- 220
cis-1,2-Dichloroethene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- -- 19
trans-1,2-Dichloroethene µg/L -- -- -- 71 -- -- -- -- -- -- -- -- -- -- -- 7.1
Tetrachloroethene µg/L -- -- -- 440 -- -- -- -- -- -- -- -- -- -- -- 52
Toluene µg/L -- -- -- <2,500 -- -- -- -- -- -- -- -- -- -- -- 0.56|J
Trichloroethene µg/L -- -- -- 2,400|J -- -- -- -- -- -- -- -- -- -- -- 110
Vinyl Chloride µg/L -- -- -- <100 -- -- -- -- -- -- -- -- -- -- -- 1.0



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 860
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 330



Field Dissolved Oxygen mg/L -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- -- 0.93
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.2
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.9



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -146.5
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11



Benzene µg/L -- -- -- 610,000Jm| -- -- -- -- -- -- -- -- -- -- -- 46,000
1,1-Dichloroethane µg/L -- -- -- <50 -- -- -- -- -- -- -- -- -- -- -- 83|J
Ethylbenzene µg/L -- -- -- <5,000 -- -- -- -- -- -- -- -- -- -- -- 44|J
Tetrachloroethene µg/L -- -- -- 62 -- -- -- -- -- -- -- -- -- -- -- <250
Trichloroethene µg/L -- -- -- 530 -- -- -- -- -- -- -- -- -- -- -- <250



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
VOCs 8240/60 Benzene µg/L -- -- -- 0.43|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



SWL0002



SWL0003



SWL0004



SWL0005



PZL0025



PZL0026



VOCs



VOCs



Biodeg



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 86



Field Dissolved Oxygen mg/L -- -- -- 0.90 -- -- -- -- -- -- -- -- -- -- 0.10 0.94
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
SM3500-FeD Iron (II) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.2
RSK-175M Methane µg/L -- -- -- 8.3 -- -- -- -- -- -- -- -- -- -- -- 5.4



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- 0.26
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130 -18.50
300.0 Sulfate mg/L -- -- -- 170 -- -- -- -- -- -- -- -- -- -- -- 170



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- -- -- -- -- -- All ND All ND



Benzene µg/L -- -- -- 3.0 -- -- -- -- -- -- -- -- -- -- -- 0.15|J
Chloroform µg/L -- -- -- 0.77|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Freon 11 (Trichlorofluoromethane) µg/L -- -- -- 3.9|J -- -- -- -- -- -- -- -- -- -- -- 6.5|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.25|J
Trichloroethene µg/L -- -- -- 1.0|J -- -- -- -- -- -- -- -- -- -- -- 0.46|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660
8270 Bis(2-Chloroethoxy) Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 250
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.21



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.9
SM3500-FeD Iron (II) mg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54
RSK-175M Methane µg/L -- -- -- 0.17|J -- -- -- -- -- -- -- -- -- -- -- 620



300.0 Nitrate (as N) mg/L -- -- -- <0.20 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -116.5
300.0 Sulfate mg/L -- -- -- 54 -- -- -- -- -- -- -- -- -- -- -- 8.3



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- 100 -- 61 69 <10 -- 36
Benzene µg/L -- -- -- 21,000 -- -- -- -- -- 810 -- 340 140 52 -- 12
n-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- 33 -- 27 18 13 -- 1.3
sec-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- 22 -- 25 23 18 -- 16
tert-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- <5.0 -- <2.0 <1.0 68 -- 0.60|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- <5.0 -- <2.0 <1.0 <1.0 -- 19
1,2-Dichloroethane µg/L -- -- -- <50 -- -- -- -- -- <2.5 -- <1.0 <0.50 4.0 -- 3.2
cis-1,2-Dichloroethene µg/L -- -- -- <25 -- -- -- -- -- <5.0 -- <2.0 1.6 1.1 -- 1.9
Ethylbenzene µg/L -- -- -- 2,000 -- -- -- -- -- 300 -- 25 12 10 -- 0.31|J
Isopropylbenzene µg/L -- -- -- 100|J -- -- -- -- -- 1,100 -- 54 36 35 -- 3.6
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <200 -- -- -- -- -- <5.0 -- <2.0 <1.0 <1.0 -- 0.66|J
Naphthalene µg/L -- -- -- 290|J -- -- -- -- -- 150 -- 64 <10 15 -- <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 12 -- --
n-Propylbenzene µg/L -- -- -- 300 -- -- -- -- -- 330 -- 120 67 82 -- 3.1
Toluene µg/L -- -- -- <200 -- -- -- -- -- 8.3 -- 8.3 <1.0 2.9 -- 0.59|J
1,1,2-Trichloro-1,2,2-Trifluoroethane µg/L -- -- -- 160|J -- -- -- -- -- <50 -- <20 <10 <10 -- <10
Trichloroethene µg/L -- -- -- <10 -- -- -- -- -- <5.0 -- 4.3 5.5 5.3 -- 2.1
1,2,4-Trimethylbenzene µg/L -- -- -- 790 -- -- -- -- -- 280 -- <2.0 <1.0 <1.0 -- <1.0
1,3,5-Trimethylbenzene µg/L -- -- -- <200 -- -- -- -- -- 5.8 -- <2.0 <1.0 <1.0 -- <1.0
m,p-Xylene µg/L -- -- -- 81|J -- -- -- -- -- <5.0 -- -- <1.0 -- -- <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 140 -- -- 3.1 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 140 -- 5.2 3.1 1.6 -- --
Benzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- -- <0.50
Chlorobenzene µg/L -- -- -- 0.22|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Chloroform µg/L -- -- -- 0.61|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- -- -- 0.87|J -- -- -- -- -- -- -- -- -- -- -- 0.77|J
1,1-Dichloroethane µg/L -- -- -- 38 -- -- -- -- -- -- -- -- -- -- -- 19



SWL0006



SWL0007



SWL0008



SWL0009



Biodeg



VOCs



Biodeg



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,2-Dichloroethane µg/L -- -- -- 1.6 -- -- -- -- -- -- -- -- -- -- -- 0.95
cis-1,2-Dichloroethene µg/L -- -- -- 19 -- -- -- -- -- -- -- -- -- -- -- 9.8
Tetrachloroethene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 6.7
Trichloroethene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- -- 5.6
Vinyl Chloride µg/L -- -- -- 0.89 -- -- -- -- -- -- -- -- -- -- -- 0.35|J



SWL0010 MBFB/MBFC VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.60|J
SWL0011 MBFB TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.43|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.3
sec-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.28|J
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.2
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.69|J
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.2
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.20|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.86|J
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.61|J
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.46|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
sec-Butylbenzene µg/L -- -- -- 0.68|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Chloroform µg/L -- -- -- 0.40|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,1-Dichloroethane µg/L -- -- -- 0.59|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,1-Dichloroethene µg/L -- -- -- 5.5 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- 60 -- -- -- -- -- -- -- -- -- -- 17 8.7
Trichloroethene µg/L -- -- -- 1.7 -- -- -- -- -- -- -- -- -- -- <1.0 0.75|J
Benzene µg/L -- -- -- 3.2 -- -- -- -- -- -- -- -- -- -- -- <0.50Ux|J
Chloroform µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- <1.0
Chloromethane µg/L -- -- -- 16 -- -- -- -- -- -- -- -- -- -- -- <10
Naphthalene µg/L -- -- -- 0.83Jf|J -- -- -- -- -- -- -- -- -- -- -- <10
1,2,3-Trichlorobenzene µg/L -- -- -- 0.31Jf|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Benzene µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.87|J
1,1-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.71|J
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.37|J
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.61|J
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.77



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 910
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 950



Field Dissolved Oxygen mg/L -- -- -- 0.70 -- -- -- -- -- -- -- -- -- -- 0.0 0.090
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.0



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.8
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 50



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 97 -94.40
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 48 120
Benzene µg/L -- -- -- 21 -- -- -- -- -- -- -- -- -- -- 0.57 0.46|J
n-Butylbenzene µg/L -- -- -- 2.8|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- <1.0 1.4
Chlorobenzene µg/L -- -- -- 300 -- -- -- -- -- -- -- -- -- -- 13 12
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <2.0 0.48|J
1,2-Dichlorobenzene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- <1.0 1.2



SWL0015



SWL0016



SWL0017



SWL0018



SWL0019



SWL0021



SWL0013



VOCs



VOCs



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



Water Table



Water Table



Water Table



MBFC



MBFB



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,4-Dichlorobenzene µg/L -- -- -- 1.1|J -- -- -- -- -- -- -- -- -- -- 10 15
1,1-Dichloroethane µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 35 4.4
1,2-Dichloroethane µg/L -- -- -- 460 -- -- -- -- -- -- -- -- -- -- 19 4.0
1,1-Dichloroethene µg/L -- -- -- 1.7|J -- -- -- -- -- -- -- -- -- -- 3.4 <1.0
cis-1,2-Dichloroethene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 84 18
trans-1,2-Dichloroethene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 1.6 <1.0
1,2-Dichloropropane µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 14 5.3
Ethylbenzene µg/L -- -- -- 2.0|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Isopropylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.33|J
Tetrachloroethene µg/L -- -- -- 8.3 -- -- -- -- -- -- -- -- -- -- 2.1 <1.0
Trichloroethene µg/L -- -- -- 77 -- -- -- -- -- -- -- -- -- -- 11 1.6
Vinyl Chloride µg/L -- -- -- <2.5 -- -- -- -- -- -- -- -- -- -- 14 1.9



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.98|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210 88



Acetone µg/L -- -- -- 25|J -- -- -- -- -- -- -- -- -- -- 74 16|J
Chloromethane µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- <10 <10
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <2.0 0.48|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 3.5 -- -- -- -- -- -- -- -- -- -- 3.3 4.5
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.80|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- 0.0 1.0
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.43



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.96
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 120 -17.10
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 200



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
1,1-Dichloroethane µg/L -- -- -- 1.4 -- -- -- -- -- -- -- -- -- -- 1.7 1.6
cis-1,2-Dichloroethene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 5.9 4.6
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.82|J
Trichloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 13 10
Vinyl Chloride µg/L -- -- -- 0.75 -- -- -- -- -- -- -- -- -- -- 0.62 <0.50



SWL0025 Gage VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.80|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10/<10) (<10)



Benzene µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- (0.65/0.56) (<0.50)
Chlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (89/17) (0.73)
Chloroform µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (0.70/0.84) (<0.50)
1,2-Dichloroethane µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- (<0.50/1.2) (<0.50)
1,2,3-Trichlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (0.33|J/<0.50) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (75/190) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (110)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



Chlorobenzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 1.2
Benzene µg/L -- -- -- 0.65 -- -- -- -- -- -- -- -- -- -- -- <5.0
Chloroform µg/L -- -- -- 8.6 -- -- -- -- -- -- -- -- -- -- -- 8.6|J
Dichlordifluoromethane µg/L -- -- -- 3.8 -- -- -- -- -- -- -- -- -- -- -- <10



SWL0026



SWL0027



SWL0028



SWL0029



SWL0022



SWL0023



SWL0024



VOCs



pCBSA



VOCs



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



MBFB



Water Table



Gage



MBFC



Water Table



MBFB
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,2-Dichlorobenzene µg/L -- -- -- 0.19|J -- -- -- -- -- -- -- -- -- -- -- <10
1,1-Dichloroethane µg/L -- -- -- 4.0 -- -- -- -- -- -- -- -- -- -- -- <10
1,2-Dichloroethane µg/L -- -- -- 0.26|J -- -- -- -- -- -- -- -- -- -- -- <5.0
1,1-Dichloroethene µg/L -- -- -- 0.80|J -- -- -- -- -- -- -- -- -- -- -- 5.1|J
cis-1,2-Dichloroethene µg/L -- -- -- 51 -- -- -- -- -- -- -- -- -- -- -- 45
trans-1,2-Dichloroethene µg/L -- -- -- 7.1 -- -- -- -- -- -- -- -- -- -- -- <10
Freon 11 (Trichlorofluoromethane) µg/L -- -- -- 6.1|J -- -- -- -- -- -- -- -- -- -- -- <100
Tetrachloroethene µg/L -- -- -- 800 -- -- -- -- -- -- -- -- -- -- -- 270
1,1,2-Trichloro-1,2,2-Trifluoroethane µg/L -- -- -- 1.6|J -- -- -- -- -- -- -- -- -- -- -- <100
1,2,4-Trichlorobenzene µg/L -- -- -- 0.35|J -- -- -- -- -- -- -- -- -- -- -- <10
Trichloroethene µg/L -- -- -- 2,600 -- -- -- -- -- -- -- -- -- -- -- 1,900
1,1-Dichloroethene µg/L -- -- -- 0.55|J -- -- -- -- -- -- -- -- -- -- -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 0.80|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 7.6 -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- 40 -- -- -- -- -- -- -- -- -- -- -- 0.49|J
cis-1,2-Dichloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 2.2 -- -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- 660,000Jm| -- -- -- -- -- -- -- -- -- -- -- --
1,1-Dichloroethene µg/L -- -- -- 58 -- -- -- -- -- -- -- -- -- -- -- --
cis-1,2-Dichloroethene µg/L -- -- -- 220 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 1,000 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 5,100 -- -- -- -- -- -- -- -- -- -- -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,000) (<400)
Benzene µg/L -- -- -- 5.3 -- -- -- -- -- -- -- -- -- -- (<100) (33)
Chlorobenzene µg/L -- -- -- 3,600 -- -- -- -- -- -- -- -- -- -- (4,400) (6,300)
1,2-Dichlorobenzene µg/L -- -- -- 2.5Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
1,4-Dichlorobenzene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- (<100) (17|J)
1,2-Dichloroethane µg/L -- -- -- 60 -- -- -- -- -- -- -- -- -- -- (<100) (8.3|J)
Ethylbenzene µg/L -- -- -- 0.80Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Isopropylbenzene µg/L -- -- -- 2.3|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
n-Propylbenzene µg/L -- -- -- 0.67Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Tetrachloroethene µg/L -- -- -- 8.9 -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Trichloroethene µg/L -- -- -- 48 -- -- -- -- -- -- -- -- -- -- (<100) (<20)
m,p-Xylene µg/L -- -- -- 1.5Jf|J -- -- -- -- -- -- -- -- -- -- -- (<20)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (39,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (67)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.52)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.28|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.4)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
SWL0035 MBFC VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- -- -- -- -- -- -- All ND



Ethylbenzene µg/L -- -- -- 0.52|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.55|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 240
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31



Field Dissolved Oxygen mg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- 0.50 1.1
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.084|J



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.17
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -1 -95.60
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 79



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
sec-Butylbenzene µg/L -- -- -- 3.2 -- -- -- -- -- -- -- -- -- -- 10 0.72|J



SWL0036



SWL0037



SWL0030



SWL0031



SWL0032



SWL0033



SWL0034



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



Gage



MBFB



MBFC



Gage



Gage



MBFB
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,1-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.4 1.1
Isopropylbenzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- 0.53|J -- -- -- -- -- -- -- -- -- -- 2.3 1.7
Trichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0UJm| 0.53|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 280
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 63



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.31
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -51.20
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 94



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- All ND
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 23 <250



Benzene µg/L -- -- -- -- 1,100 -- -- -- -- -- -- -- -- -- -- 4,700
cis-1,2-Dichloroethene µg/L -- -- -- -- 19 -- -- -- -- -- -- -- -- -- -- <25
Ethylbenzene µg/L -- -- -- -- 50 -- -- -- -- -- -- -- -- -- -- 250
Methylene chloride µg/L -- -- -- -- 110 -- -- -- -- -- -- -- -- -- -- <250
Tetrachloroethene µg/L -- -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <25
Trichloroethene µg/L -- -- -- -- 130 -- -- -- -- -- -- -- -- -- -- <25



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 22 24
Benzene µg/L -- -- -- 11,000 -- -- -- -- -- -- -- -- -- -- -- 1.8
sec-Butylbenzene µg/L -- -- -- 3.8|J -- -- -- -- -- -- -- -- -- -- -- 1.2
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.0|J
Ethylbenzene µg/L -- -- -- 1,100 -- -- -- -- -- -- -- -- -- -- -- 0.59|J
Isopropylbenzene µg/L -- -- -- 7.0|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Naphthalene µg/L -- -- -- 12|J -- -- -- -- -- -- -- -- -- -- -- <10
n-Propylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 0.79|J
m,p-Xylene µg/L -- -- -- 20 -- -- -- -- -- -- -- -- -- -- -- <1.0
o-Xylene µg/L -- -- -- 2.8|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 90 77
Benzene µg/L -- -- -- 0.75 -- -- -- -- -- -- -- -- -- -- 1.1 1.5
sec-Butylbenzene µg/L -- -- -- 0.75|J -- -- -- -- -- -- -- -- -- -- <1.0 1.5
Chlorobenzene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- 5.0 2.8
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 14
Dichlordifluoromethane µg/L -- -- -- 0.97|J -- -- -- -- -- -- -- -- -- -- 1.2 <1.0
1,2-Dichlorobenzene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- 1.1 0.89|J
1,4-Dichlorobenzene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- 13 9.2
1,1-Dichloroethane µg/L -- -- -- 2.3 -- -- -- -- -- -- -- -- -- -- 2.0 0.73|J
1,2-Dichloroethane µg/L -- -- -- 0.99 -- -- -- -- -- -- -- -- -- -- 0.84 <0.50
1,1-Dichloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- 1.3 <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 79 -- -- -- -- -- -- -- -- -- -- 100 40
trans-1,2-Dichloroethene µg/L -- -- -- 1.9 -- -- -- -- -- -- -- -- -- -- 1.3 4.3
1,2-Dichloropropane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.9 <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.17|J
Isopropylbenzene µg/L -- -- -- 0.48|J -- -- -- -- -- -- -- -- -- -- <1.0 0.87|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 11
n-Propylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.19|J
Tetrachloroethene µg/L -- -- -- 0.58|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.61|J
Trichloroethene µg/L -- -- -- 5.6 -- -- -- -- -- -- -- -- -- -- 6.9 6.9
Vinyl Chloride µg/L -- -- -- 9.4 -- -- -- -- -- -- -- -- -- -- 8.7 8.8



SVOCs 8270 1-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 29 -- --



SWL0038



SWL0040



SWL0041



SWL0042



SWL0044



Biodeg



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



Water Table



MBFC



MBFB



Water Table



Water Table
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <20 <10 <10 <10 --
Benzene µg/L -- -- -- 56,000 -- -- -- -- -- 28 -- 4.5 50 1.1 0.82 2.1
n-Butylbenzene µg/L -- -- -- <500 -- -- -- -- -- 1.4 -- <2.0 <1.0 <1.0 <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- <500 -- -- -- -- -- 8.2 -- 8.2 5.0 4.0 3.2 1.7
Chlorobenzene µg/L -- -- -- <500UJm| -- -- -- -- -- <1.0 -- <2.0 <1.0 <1.0 <1.0 0.26|J
Ethylbenzene µg/L -- -- -- 1,600 -- -- -- -- -- 15 -- 6.8 6.8 4.6 1.4 0.25|J
Isopropylbenzene µg/L -- -- -- <500 -- -- -- -- -- 6.2 -- 5.0 7.0 4.6 2.6 1.5
Naphthalene µg/L -- -- -- 2,700|J -- -- -- -- -- 510 -- 230 94 17 <10 <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 17 -- --
n-Propylbenzene µg/L -- -- -- <500 -- -- -- -- -- 4.2 -- 3.0 2.0 1.6 <1.0 0.63|J
Styrene µg/L -- -- -- <500 -- -- -- -- -- 6.1 -- <2.0 1.9 <1.0 <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <500 -- -- -- -- -- 2.2 -- 2.3 1.5 1.3 1.1 <1.0
Toluene µg/L -- -- -- 430|J -- -- -- -- -- 16 -- 6.9 7.3 3.5 1.6 <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- <500 -- -- -- -- -- 3.8 -- <2.0 2.0 <1.0 <1.0 <1.0
Vinyl Chloride µg/L -- -- -- <250UJm| -- -- -- -- -- <0.50 -- 7.9 <0.50 <0.50 <0.50 <0.50
m,p-Xylene µg/L -- -- -- <500 -- -- -- -- -- <1.0 -- -- <1.0 -- 1.5 0.53|J
o-Xylene µg/L -- -- -- <500 -- -- -- -- -- <1.0 -- <2.0 <1.0 <1.0 1.5 <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 16 -- -- 14 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 16 -- <2.0 14 6.6 -- --



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 530
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 2.2
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.0050
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12Jh|
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 38
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 240



VOCs 8240/60 Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 1.2
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 300



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 94
Field Dissolved Oxygen mg/L -- -- -- 0.10 -- -- -- -- -- -- -- -- -- -- -- 0.080



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.41
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 260
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -228.3
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 98



Acetone µg/L -- -- -- 11|J -- -- -- -- -- -- -- -- -- -- -- <20
sec-Butylbenzene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 0.99|J
Isopropylbenzene µg/L -- -- -- 2.5 -- -- -- -- -- -- -- -- -- -- -- <1.0
n-Propylbenzene µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- -- <1.0



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 790
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390



Field Dissolved Oxygen mg/L -- -- -- 0.10 -- -- -- -- -- -- -- -- -- -- -- 0.36
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.5
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 34



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -165.1
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 16



Benzene µg/L -- -- -- 180,000 -- -- -- -- -- -- -- -- -- -- -- 180,000
Ethylbenzene µg/L -- -- -- 26,000 -- -- -- -- -- -- -- -- -- -- -- 24,000
Toluene µg/L -- -- -- <2,500 -- -- -- -- -- -- -- -- -- -- -- 500|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| (<200)



SWL0048



SWL0049



SWL0046



SWL0047 Biodeg



VOCs



Biodeg



VOCs



VOCs



Biodeg



8240/60



8240/60



8240/60



8240/60



Water Table



MBFB



MBFB



Water Table
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Benzene µg/L -- -- -- 1.7 -- -- -- -- -- -- -- -- -- -- 39 (100)
2-Butanone (MEK) µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 10 (<200)
n-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 4.6 (<10)
sec-Butylbenzene µg/L -- -- -- 0.44|J -- -- -- -- -- -- -- -- -- -- 5.6 (6.2|J)
Chlorobenzene µg/L -- -- -- 7.8 -- -- -- -- -- -- -- -- -- -- 2,900 (8,700)
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130 --
Dichlordifluoromethane µg/L -- -- -- 0.81|J -- -- -- -- -- -- -- -- -- -- <1.0 (<40)
1,2-Dichlorobenzene µg/L -- -- -- 0.64|J -- -- -- -- -- -- -- -- -- -- 3.9 (12)
1,4-Dichlorobenzene µg/L -- -- -- 10 -- -- -- -- -- -- -- -- -- -- 11 (28)
1,1-Dichloroethane µg/L -- -- -- 47 -- -- -- -- -- -- -- -- -- -- <1.0 (<10)
1,2-Dichloroethane µg/L -- -- -- 21 -- -- -- -- -- -- -- -- -- -- 280Jm| (140)
1,1-Dichloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 1.3 (<10)
cis-1,2-Dichloroethene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- 3.5 (<10)
trans-1,2-Dichloroethene µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- <1.0 (<10)
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 6.5 (7.6|J)
Isopropylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 7.2 (6.8|J)
Tetrachloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 61 (250)
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.5 (<10)
1,2,4-Trichlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.6 (16)
Trichloroethene µg/L -- -- -- 30 -- -- -- -- -- -- -- -- -- -- 91Jm| (140)
Vinyl Chloride µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- <0.50 (<10)
m,p-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 2.8 (<20)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25,000)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 590



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.062|J
SM3500-FeD Iron (II) mg/L -- -- -- 6.6 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.8Jm|
RSK-175M Methane µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- -- 5.8



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -256.4
300.0 Sulfate mg/L -- -- -- 270 -- -- -- -- -- -- -- -- -- -- -- 110



Benzene µg/L -- -- -- 78,000 -- -- -- -- -- -- -- -- -- -- -- 2,700
Ethylbenzene µg/L -- -- -- 1,200 -- -- -- -- -- -- -- -- -- -- -- 190
n-Propylbenzene µg/L -- -- -- <200UJf| -- -- -- -- -- -- -- -- -- -- -- 2.1|J
Toluene µg/L -- -- -- 65|J -- -- -- -- -- -- -- -- -- -- -- <10
1,2,4-Trimethylbenzene µg/L -- -- -- 34|J -- -- -- -- -- -- -- -- -- -- -- <10
m,p-Xylene µg/L -- -- -- 84|J -- -- -- -- -- -- -- -- -- -- -- <10
o-Xylene µg/L -- -- -- 37|J -- -- -- -- -- -- -- -- -- -- -- <10



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --
Chloroform µg/L -- -- -- 0.38|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 3.3 -- -- -- -- -- 7.5 -- <1.0 <1.0 <1.0 -- <1.0
trans-1,2-Dichloroethene µg/L -- -- -- <0.50 -- -- -- -- -- 1.6 -- <1.0 <1.0 <1.0 -- <1.0
Ethylbenzene µg/L -- -- -- 0.26|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Trichloroethene µg/L -- -- -- 25 -- -- -- -- -- 15 -- 16 11 9.1 -- 5.9
Benzene µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- -- 0.35|J
Dichlordifluoromethane µg/L -- -- -- 5.1 -- -- -- -- -- -- -- -- -- -- -- 3.5
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.56|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 2.1 -- -- -- -- -- -- -- -- -- -- -- 1.1
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.58|J
Trichloroethene µg/L -- -- -- 0.64|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Acetone µg/L -- -- -- 9.5|J -- -- -- -- -- -- -- -- -- -- <20 <20
Dichlordifluoromethane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.8 <1.0



SWL0050



SWL0051



SWL0052



SWL0053
VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFB



Water Table



MBFB



MBFC
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.34|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.2 <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.53|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 1.8 -- -- -- -- -- -- -- -- -- -- 1.3 <2.5
sec-Butylbenzene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 1.4 <5.0
Chlorobenzene µg/L -- -- -- 0.18|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
Chloroform µg/L -- -- -- 0.58|J -- -- -- -- -- -- -- -- -- -- 1.0 <5.0
1,2-Dichlorobenzene µg/L -- -- -- 0.35|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,4-Dichlorobenzene µg/L -- -- -- 0.38|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,1-Dichloroethane µg/L -- -- -- 2.0 -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,2-Dichloroethane µg/L -- -- -- 0.36|J -- -- -- -- -- -- -- -- -- -- <0.50 <2.5
1,1-Dichloroethene µg/L -- -- -- 44 -- -- -- -- -- -- -- -- -- -- 18 16
cis-1,2-Dichloroethene µg/L -- -- -- 80 -- -- -- -- -- -- -- -- -- -- 190 160
trans-1,2-Dichloroethene µg/L -- -- -- 2.9 -- -- -- -- -- -- -- -- -- -- 3.0 <5.0
Isopropylbenzene µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
Methylene chloride µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <10 <50
Tetrachloroethene µg/L -- -- -- 440 -- -- -- -- -- -- -- -- -- -- 190 60
Trichloroethene µg/L -- -- -- 2,100 -- -- -- -- -- -- -- -- -- -- 1,100 900
Vinyl Chloride µg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- 1.9 <2.5



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210 330
Benzene µg/L -- -- -- 0.48|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
sec-Butylbenzene µg/L -- -- -- 0.42|J -- -- -- -- -- -- -- -- -- -- <1.0 0.60|J
tert-Butylbenzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 2.2
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.31|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.84|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



n-Butylbenzene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- 1.8 <1.0
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 <10
Ethylbenzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Isopropylbenzene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 3.3 <1.0
Naphthalene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <10 <10
n-Propylbenzene µg/L -- -- -- 6.4 -- -- -- -- -- -- -- -- -- -- 4.4 <1.0
Benzene µg/L -- -- -- 1.1 -- -- -- -- -- -- -- -- -- -- -- <0.50
sec-Butylbenzene µg/L -- -- -- 2.0|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Chlorobenzene µg/L -- -- -- 360 -- -- -- -- -- -- -- -- -- -- -- 21
1,2-Dichlorobenzene µg/L -- -- -- 0.39|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- -- 0.55|J
1,2-Dichloroethane µg/L -- -- -- 6.8 -- -- -- -- -- -- -- -- -- -- -- 5.9
1,1-Dichloroethene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- 0.73|J
cis-1,2-Dichloroethene µg/L -- -- -- 1.4|J -- -- -- -- -- -- -- -- -- -- -- 0.85|J
Isopropylbenzene µg/L -- -- -- 0.54|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 3.5
Toluene µg/L -- -- -- <2.0 -- -- -- -- -- -- -- -- -- -- -- 0.38|J
Trichloroethene µg/L -- -- -- 64 -- -- -- -- -- -- -- -- -- -- -- 21Jm|



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100)
Benzene µg/L -- -- -- 9.3 -- -- -- -- -- -- -- -- -- -- -- <5.0
Chloroform µg/L -- -- -- 9.1 -- -- -- -- -- -- -- -- -- -- -- 12
1,1-Dichloroethane µg/L -- -- -- 1.5|J -- -- -- -- -- -- -- -- -- -- -- 3.5|J
1,1-Dichloroethene µg/L -- -- -- 10 -- -- -- -- -- -- -- -- -- -- -- 14
cis-1,2-Dichloroethene µg/L -- -- -- 26 -- -- -- -- -- -- -- -- -- -- -- 93
Tetrachloroethene µg/L -- -- -- 130 -- -- -- -- -- -- -- -- -- -- -- 330



SWL0057



SWL0058



SWL0059



SWL0054



SWL0055



SWL0056



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFB



Water Table



MBFC



Water Table
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014
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20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- -- -- 690 -- -- -- -- -- -- -- -- -- -- -- 1,700
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 13,000/13,000 160,000



Acetone µg/L -- -- -- 150|J -- -- -- -- -- -- -- -- -- -- <20 <2,000
Benzene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 15 240
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 3.6|J -- -- -- -- -- -- -- -- -- -- 2.7 <100
Toluene µg/L -- -- -- 4.8|J -- -- -- -- -- -- -- -- -- -- 4.8 61|J
m,p-Xylene µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 3.3 <100
Benzene µg/L -- -- -- <0.68Ux| -- -- -- -- -- -- -- -- -- -- -- 0.39|J
Carbon disulfide µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- 0.42|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.43|J
Vinyl Chloride µg/L -- -- -- <0.50UJm| -- -- -- -- -- -- -- -- -- -- -- 1.2



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
Benzene µg/L -- 520 520 550 -- 890 480 -- -- -- -- -- -- -- 460 35
sec-Butylbenzene µg/L -- <5.0 <5.0 0.47|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.31|J
1,1-Dichloroethane µg/L -- <5.0 <5.0 <1.0 -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.32|J
1,1-Dichloroethene µg/L -- <5.0 <5.0 2.7 -- 2.6 <10 -- -- -- -- -- -- -- 3.0 2.7
cis-1,2-Dichloroethene µg/L -- 5.8 5.3 7.2 -- 16 17 -- -- -- -- -- -- -- 13 11
Ethylbenzene µg/L -- 30 28 28 -- 37 33 -- -- -- -- -- -- -- 34 <1.0
Isopropylbenzene µg/L -- <5.0 <5.0 0.30|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- 8.9 13 11 -- 9.2 10 -- -- -- -- -- -- -- 18 0.58|J
Toluene µg/L -- <5.0 <5.0 0.43|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.57|J
Trichloroethene µg/L -- 92 95 110 -- 94 96 -- -- -- -- -- -- -- 190Jm| 92
Vinyl Chloride µg/L -- <2.5 <2.5 <0.50 -- <0.50 <5.0 -- -- -- -- -- -- -- <0.50 0.44|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
Acetone µg/L -- <100 120 <50 -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- <5.0 <2.5 1.5 -- -- -- -- -- -- -- -- -- -- -- 2.2
Chlorobenzene µg/L -- 35 36 41 -- -- -- -- -- -- -- -- -- -- -- 440
Chloroform µg/L -- <10 <5.0 1.5 -- -- -- -- -- -- -- -- -- -- -- <1.0
1,2-Dichlorobenzene µg/L -- <10 <5.0 0.25|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- <10 <5.0 0.36|J -- -- -- -- -- -- -- -- -- -- -- 1.8
1,1-Dichloroethane µg/L -- <10 <5.0 2.8 -- -- -- -- -- -- -- -- -- -- -- 0.97|J
1,1-Dichloroethene µg/L -- 20 24 19 -- -- -- -- -- -- -- -- -- -- -- 1.4
cis-1,2-Dichloroethene µg/L -- 16 16 16 -- -- -- -- -- -- -- -- -- -- -- 2.7
Tetrachloroethene µg/L -- 310 340 240 -- -- -- -- -- -- -- -- -- -- -- 16
Toluene µg/L -- <10 <5.0 <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.49|J
Trichloroethene µg/L -- 1,100 1,400 1,100 -- -- -- -- -- -- -- -- -- -- -- 97Jm|



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Acetone µg/L -- <1,000 <20,000 190|J -- -- -- -- -- -- -- -- -- -- 40 <100
Benzene µg/L -- 180,000 340,000 190,000 -- -- -- -- -- -- -- -- -- -- 95,000 470
n-Butylbenzene µg/L -- <100 <2,000 <20 -- -- -- -- -- -- -- -- -- -- 20 <5.0
sec-Butylbenzene µg/L -- <100 <2,000 56 -- -- -- -- -- -- -- -- -- -- 45 4.7|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17 <50
Ethanol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 250 <500
Ethylbenzene µg/L -- 15,000 29,000 16,000 -- -- -- -- -- -- -- -- -- -- 14,000 30
Isopropylbenzene µg/L -- <100 <2,000 54 -- -- -- -- -- -- -- -- -- -- 39 <5.0
n-Propylbenzene µg/L -- <100 <2,000 36 -- -- -- -- -- -- -- -- -- -- 26 <5.0
Toluene µg/L -- 180 <2,000 190 -- -- -- -- -- -- -- -- -- -- 95 <5.0
m,p-Xylene µg/L -- <100 <2,000 5.9|J -- -- -- -- -- -- -- -- -- -- <100 <5.0
o-Xylene µg/L -- <100 <2,000 <20 -- -- -- -- -- -- -- -- -- -- 1.2 <5.0
Benzene µg/L -- <1.0 <2.5 0.29|J -- -- -- -- -- -- -- -- -- -- -- 420
1,1-Dichloroethane µg/L -- <2.0 <5.0 0.35|J -- -- -- -- -- -- -- -- -- -- -- 4.0|J
1,1-Dichloroethene µg/L -- 3.6 <5.0 5.9 -- -- -- -- -- -- -- -- -- -- -- 14
cis-1,2-Dichloroethene µg/L -- 5.8 5.3 8.4 -- -- -- -- -- -- -- -- -- -- -- 90
Methylene chloride µg/L -- <20 <50 16 -- -- -- -- -- -- -- -- -- -- -- <50
Tetrachloroethene µg/L -- 71 60 74 -- -- -- -- -- -- -- -- -- -- -- 140



SWL0060



SWL0061



SWL0063



SWL0064



SWL0065



SWL0066



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60
MBFB/MBFC



MBFC



Gage



MBFC



MBFC



Gage
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- 270 280 300 -- -- -- -- -- -- -- -- -- -- -- 930
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --



1,1-Dichloroethene µg/L -- <5.0 <5.0 0.99|J -- -- -- -- -- -- -- -- -- -- 1.8 --
cis-1,2-Dichloroethene µg/L -- 11 10 9.8 -- -- -- -- -- -- -- -- -- -- 16 --
Tetrachloroethene µg/L -- <5.0 <5.0 0.89Jf|J -- -- -- -- -- -- -- -- -- -- <1.0 --
Trichloroethene µg/L -- 360 460 310 -- -- -- -- -- -- -- -- -- -- 470Jm| --



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- 770 -- -- -- -- -- -- 720
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 490



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.20 0.37
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- 1.8 -- -- -- -- -- -- 4.9



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.7Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 32



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -100 -182.5
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 120



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- <25,000 -- -- -- -- -- 17,000 24,000
Benzene µg/L -- -- -- -- -- -- -- 280,000 150,000 -- -- -- -- -- -- 150,000
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- 19,000 <25,000 -- -- -- -- -- -- 5,100|J
Ethylbenzene µg/L -- -- -- -- -- -- -- 1,200 <2,500 -- -- -- -- -- -- 2,400
Styrene µg/L -- -- -- -- -- -- -- 6,100 4,400 -- -- -- -- -- -- 4,000
Toluene µg/L -- -- -- -- -- -- -- 50,000 40,000 -- -- -- -- -- -- 46,000
m,p-Xylene µg/L -- -- -- -- -- -- -- 4,400 4,100 -- -- -- -- -- -- 4,600
o-Xylene µg/L -- -- -- -- -- -- -- 1,700 <2,500 -- -- -- -- -- -- 1,700



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (29)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5,000) (<500)



Chlorobenzene µg/L -- -- -- (60,000) -- -- -- -- -- -- -- -- -- -- (77,000) (10,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (680) (12|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<250) (24|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (98,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80)



Benzene µg/L -- -- -- (<80) -- -- -- -- -- -- -- -- -- -- -- (6.6)
Chlorobenzene µg/L -- -- -- (6,100) -- -- -- -- -- -- -- -- -- -- -- (1,500)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.0|J)
Trichloroethene µg/L -- -- -- (1,200) -- -- -- -- -- -- -- -- -- -- -- (650)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (550)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.4)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.81|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.47|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.5)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (3.9) -- -- -- -- -- -- -- -- -- -- -- (0.19|J)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,500) --
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<120) 11
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,100) 1,900
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<120) 5.7|J



XBF-07 MBFC VOCs 8240/60 Chlorobenzene µg/L -- -- -- (23,000) -- -- -- -- -- -- -- -- -- -- -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<800)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (12,000)



SWL0067



SWL0068



XBF-01



XBF-02



XBF-03



XBF-04



XBF-05



XBF-06



XBF-09



VOCs



VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Water Table



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC
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20112008Well ID HSU Compound 
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Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (930)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (36|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (82,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (21) -- -- -- -- -- -- -- -- -- -- -- (<0.50)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,000) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (7,400) -- -- -- -- -- -- -- -- -- -- (5,600) (6.1)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 49 22



Benzene µg/L -- -- -- -- 1,200 -- -- -- -- -- -- -- -- -- -- 3.9
sec-Butylbenzene µg/L -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 0.83|J
1,2-Dichloroethane µg/L -- -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 4.3
cis-1,2-Dichloroethene µg/L -- -- -- -- 17 -- -- -- -- -- -- -- -- -- -- <1.0
Ethylbenzene µg/L -- -- -- -- 53 -- -- -- -- -- -- -- -- -- -- 0.25|J
Methylene chloride µg/L -- -- -- -- 120 -- -- -- -- -- -- -- -- -- -- <10
Tetrachloroethene µg/L -- -- -- -- 15 -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- -- 130 -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (41)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.34|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1,000) (<40)



Benzene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (36) (1.3|J)
Chlorobenzene µg/L -- -- -- (5,700) -- -- -- -- -- -- -- -- -- -- (10,000) (690)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (35) (2.4)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (110) (1.6|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (90) (<2.0)
Trichloroethene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (19|J) (1.3|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,400)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (320)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.73|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.79|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,100)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Benzene µg/L -- -- -- 2.5 -- -- -- -- -- -- -- -- -- -- -- (<0.50)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<400)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (1,700) -- -- -- -- -- -- -- -- -- -- -- --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (52,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Chlorobenzene µg/L -- -- -- (240) -- -- -- -- -- -- -- -- -- -- (45) (4.6)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.31|J)
Styrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.54) (0.80)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,700) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- (0.16|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Chlorobenzene µg/L -- -- -- (50) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Styrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.85) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.7|J)



XBF-23



XBF-25



XBF-10



XBF-11



XBF-13



XBF-14



XBF-15



XBF-16



XBF-19



XBF-20



XBF-22



pCBSA



VOCs



VOCs



VOCs



VOCs



VOCs



pCBSA



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L (<10) -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L (<1.0) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.66)
Chloroform µg/L (0.36) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Toluene µg/L (0.51) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
m,p-Xylene µg/L (0.68) -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L (<10) -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L (<1.0) -- -- (58) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.48|J)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (190) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (390)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80) (5.0|J)
Benzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (0.73) (<0.50)
Chlorobenzene µg/L -- -- -- (250) -- -- -- -- -- -- -- -- -- -- (180) (0.62)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.3) (<0.50)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (20) (0.39|J)
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.26|J) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,700) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- (All ND) (All ND)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (43) -- -- -- -- -- -- -- -- -- -- (1.0) (0.50)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.58) (<0.50)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.66) (1.8)
1,2-Dichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (94) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8|J)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.56)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.9)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Trichloroethene µg/L -- -- -- (2,100) -- -- -- -- -- -- -- -- -- -- -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80)



Chlorobenzene µg/L -- -- -- (1,500) -- -- -- -- -- -- -- -- -- -- -- (1,200)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.0|J)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (12)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (22)
Trichloroethene µg/L -- -- -- (1,800) -- -- -- -- -- -- -- -- -- -- -- (1,500)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,800)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<800/<500) --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<40/190) --
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,000/26,000) --
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<43/53) --
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<26/68) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



XBF-35



XBF-EW-1



XBF-OW-1



XBL-13C



XBF-27



XBF-28



XBF-29



XBF-30



XBF-31



XBF-32A



XBF-34



VOCs



VOCs



VOCs



VOCs



pCBSA



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



UNK
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.7|J)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.6)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 430



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160
Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.40 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.58
SM3500-FeD Iron (II) mg/L -- -- -- 1.6 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.58
RSK-175M Methane µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- -- 3.2



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -80 -80.90
300.0 Sulfate mg/L -- -- -- 310 -- -- -- -- -- -- -- -- -- -- -- 300



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 200 <10
Benzene µg/L -- -- -- 3.5 -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
n-Butylbenzene µg/L -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- 1.3 <1.0
sec-Butylbenzene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- 6.6 <1.0
Ethylbenzene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- 9.8 <1.0
Isopropylbenzene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- 8.1 <1.0
n-Propylbenzene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- 3.9 <1.0
Styrene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.25|J
Toluene µg/L -- -- -- 0.50|J -- -- -- -- -- -- -- -- -- -- <1.0 0.82|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Benzene µg/L -- -- -- (<500) -- -- -- -- -- -- -- -- -- -- -- (7.7|J)
Chlorobenzene µg/L -- -- -- (16,000) -- -- -- -- -- -- -- -- -- -- -- (3,400)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (29,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



Acetone µg/L -- -- -- 8.8|J -- -- -- -- -- -- -- -- -- -- <20 <20
Benzene µg/L -- -- -- <1.1Ux| -- -- -- -- -- -- -- -- -- -- 0.93 0.39|J
Chlorobenzene µg/L -- -- -- 540 -- -- -- -- -- -- -- -- -- -- 1,200 180
Chloroform µg/L -- -- -- <1.0Ux|J -- -- -- -- -- -- -- -- -- -- 1.4 <1.0
1,2-Dichlorobenzene µg/L -- -- -- 0.23|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,4-Dichlorobenzene µg/L -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- 5.1 0.68|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.80|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.3|J)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (32)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.2)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.37|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (150)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- (71) -- -- -- -- -- -- -- -- -- -- -- (39)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.4)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.39|J)
Trichloroethene µg/L -- -- -- (43) -- -- -- -- -- -- -- -- -- -- -- (11)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (820)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (38,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200/<200) --



Chlorobenzene µg/L -- -- -- (3,100) -- -- -- -- -- -- -- -- -- -- (620/1,500) --
2-Chlorotoluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (10/<10) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



XG-04



XG-05



XG-06



XG-08



XG-01



XG-01WC



XG-02



XG-02WC



XG-03



VOCs



VOCs



VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



MBFB



Gage



MBFB



Gage



Gage



Gage



Gage



Gage
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (580) -- -- -- -- -- -- -- -- -- -- -- (100)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10/<10) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.9|J/<10) (<10)
Benzene µg/L -- -- -- (<10) -- -- -- -- -- -- -- -- -- -- (0.30|J/0.94) (2.1)
Chlorobenzene µg/L -- -- -- (540) -- -- -- -- -- -- -- -- -- -- (68/66) (360)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50/0.60) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000/12,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 (13)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,400|J)
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,300|J)
Chlorobenzene µg/L -- -- -- (20) -- -- -- -- -- -- -- -- -- -- -- (3.5)
2-Hexanone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<100)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,600)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.0|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (36,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<50)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (4,200) -- -- -- -- -- -- -- -- -- -- -- (900)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
1,1-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- (0.33|J)
cis-1,2-Dichloroethene µg/L -- -- -- 5.1 -- -- -- -- -- -- -- -- -- -- -- (65)
Trichloroethene µg/L -- -- -- 95 -- -- -- -- -- -- -- -- -- -- -- (3.8)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.9)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (6.8|J)



Benzene µg/L -- -- -- (<5.0) -- -- -- -- -- -- -- -- -- -- -- (1.3)
Chlorobenzene µg/L -- -- -- (280) -- -- -- -- -- -- -- -- -- -- -- (150)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.84)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.3)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.24|J)
Trichloroethene µg/L -- -- -- (27) -- -- -- -- -- -- -- -- -- -- -- (20)
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.29|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,400)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (2.9) (<0.50)
314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (49) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Benzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- -- (0.62)
Chlorobenzene µg/L -- -- -- (20) -- -- -- -- -- -- -- -- -- -- -- (110)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,700)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)



XG-15



XG-16



XG-17



XG-18



XG-19A



XG-20



XG-09



XG-11



XG-12



XG-13



XG-14



pCBSA



VOCs



VOCs



pCBSA



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- (<10) -- -- -- -- -- -- -- -- -- -- -- (18)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.2)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.72)
Trichloroethene µg/L -- -- -- (750) -- -- -- -- -- -- -- -- -- -- -- (380)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (130)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.59) (<0.50)
314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (250) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (84)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<50)
Benzene µg/L -- -- -- (<40) -- -- -- -- -- -- -- -- -- -- (0.87) (1.7|J)
Chlorobenzene µg/L -- -- -- (2,300) -- -- -- -- -- -- -- -- -- -- (740) (1,100)
1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.96) (1.7|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.7) (10)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.86) (4.4)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.65) (<2.5)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (880) -- -- -- -- -- -- -- -- -- -- (30) (40)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.38|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.8) (7.1)
Trichloroethene µg/L -- -- -- (<20) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.69)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,600) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (190) -- -- -- -- -- -- -- -- -- -- (120) (84)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (720)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.54) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.94)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (1.5) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,800) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (4.0|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.1) (0.34|J)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1) (<0.50)
Trichloroethene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (0.90) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- (All ND) (All ND)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (28) --



XG-25



XG-26



XG-27



XG-28



XG-29



XG-30



XG-32



XG-21



XG-23



XG-24



VOCs



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



VOCs



pCBSA



VOCs



pCBSA



pCBSA



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage
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20112008Well ID HSU Compound 
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NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Benzene µg/L -- -- -- (160) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Chlorobenzene µg/L -- -- -- (<4.0) -- -- -- -- -- -- -- -- -- -- (2.5) (2.3)
Dichlordifluoromethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1.0) (0.29|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (0.40|J)
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.2) (3.3)
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.52) --



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (160) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (140)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (0.31|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (10) (3.5)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10



Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.39|J
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.77|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 <10
VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.91|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (8.6) -- -- -- -- -- -- -- -- -- -- -- (8.7)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (26,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<100)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,500)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (27,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<500) --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,000) --
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (820) --
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (280) --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (920) --
Isopropylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (27) --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (180) --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (70) --
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (30) --
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (82) --
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (550) --
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (120) --
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (710) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20,000) (<5,000)
Benzene µg/L -- -- -- (2,700) -- -- -- -- -- -- -- -- -- -- (2,900) (2,400)
Chlorobenzene µg/L -- -- -- (84,000) -- -- -- -- -- -- -- -- -- -- (130,000) (100,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14,000) (13,000)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1,000) (120|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,500) (1,300)
Trichloroethene µg/L -- -- -- (<2,000) -- -- -- -- -- -- -- -- -- -- (<1,000) (180|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (500,000)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 18|J
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 62
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.0|J
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.44|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.9



XG-OW-01



XGW-07A



XGW-07C



XLG-01



XLG-02



XMBFB-EW-1



XMW-01



XMW-01HD



XG-33



XG-35



pCBSA



VOCs



pCBSA



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFB



Water Table



Water Table



Gage



Gage



UNK



Water Table



MBFB



Gage



Gage
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20112008Well ID HSU Compound 
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o-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.38|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20,000)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (31,000)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (520,000)
XMW-02HD Water Table VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- All ND



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)
VOCs 8240/60 Trichloroethene µg/L -- -- -- (39) -- -- -- -- -- -- -- -- -- -- -- --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21)
Acetone µg/L -- -- -- 85|J -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- -- -- 3.3Jm| -- -- -- -- -- -- -- -- -- -- -- <0.50
Chloroform µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- -- <1.0
Ethylbenzene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- 0.22|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- -- 3.1
Naphthalene µg/L -- -- -- 1.3|J -- -- -- -- -- -- -- -- -- -- -- <10
Toluene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- 0.53|J -- -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- -- 0.36|J
o-Xylene µg/L -- -- -- 0.49|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Chlorobenzene µg/L -- -- -- (18,000) -- -- -- -- -- -- -- -- -- -- -- (960)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,200)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (94)
Trichloroethene µg/L -- -- -- (170) -- -- -- -- -- -- -- -- -- -- -- (510)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,200)
XMW-04HD Water Table VOCs 8240/60 Benzene µg/L -- -- -- 430,000 -- -- -- -- -- -- -- -- -- -- -- 330,000



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<50)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.6)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (19)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (170)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (53)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (220) (<400)



Benzene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (17) (<20)
Bromodichloromethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.87) (<20)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (19|J)
Chlorobenzene µg/L -- -- -- (350) -- -- -- -- -- -- -- -- -- -- (26) (<20)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,400) (710)
Chloroprene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79) --
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8) (<20)
1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.9) (<20)
1,3-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.75) (<20)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11) (<20)
1,1-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (35) (15|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (37) (<20)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (100) (36)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (57) (35)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.6) (<20)
1,2-Dichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1) (<20)
Methylene chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.9) (<40)
1,1,1,2-Tetrachloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (6.1) (<20)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17,000) (6,100)
1,2,4-Trichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3) (<20)



XMW-03



XMW-03HD



XMW-04



XMW-05



XMW-06



XMW-02



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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1,1,2-Trichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15) (<20)
Trichloroethene µg/L -- -- -- (1,400) -- -- -- -- -- -- -- -- -- -- (530) (200)
1,2,3-Trichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.1) (<40)
Trichlorotrifluoroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11) (<20)
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.6) --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.2|J)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (230|J)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (75)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (43)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.4|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.6|J)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.8)
Trichloroethene µg/L -- -- -- (24) -- -- -- -- -- -- -- -- -- -- -- (10)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (170)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.66|J)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (320)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.46|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (240)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<40)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.7)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (650)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.7|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (130)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<400) --



Benzene µg/L -- -- -- (6,900) -- -- -- -- -- -- -- -- -- -- (5,200) --
Chlorobenzene µg/L -- -- -- (7,200) -- -- -- -- -- -- -- -- -- -- (4,500) --
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (99) --
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (54) --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (450) --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (160) --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (45) --
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (580) --
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (400) --
Trichloroethene µg/L -- -- -- (410) -- -- -- -- -- -- -- -- -- -- (810) --
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (360) --
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77) --
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (240) --
o-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (140) --
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12,000
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 190
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 100
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,100
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160|J
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 67



XMW-11



XMW-12



XMW-13



XMW-14



XMW-07



XMW-08



XMW-09



XMW-10



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 37|J
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 620
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 950



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.35|J)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13)
Trichloroethene µg/L -- -- -- (270) -- -- -- -- -- -- -- -- -- -- -- (300)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.2|J)



VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.30|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.9)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (40)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 360
Field Dissolved Oxygen mg/L -- -- -- 0.30 -- -- -- -- -- -- -- -- -- -- 0.0 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.2
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.1



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 110 -123.1
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 95



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 160Jm| -- -- -- -- -- -- -- -- -- -- 0.66 0.91
n-Butylbenzene µg/L -- -- -- 210 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 490 -- -- -- -- -- -- -- -- -- -- 130 44
Ethylbenzene µg/L -- -- -- 3,300 -- -- -- -- -- -- -- -- -- -- 3.4 0.14|J
Isopropylbenzene µg/L -- -- -- 120 -- -- -- -- -- -- -- -- -- -- 11 0.63|J
n-Propylbenzene µg/L -- -- -- 110 -- -- -- -- -- -- -- -- -- -- 4.4 <1.0
Vinyl Chloride µg/L -- -- -- 5.3|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.98)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (18)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.31|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.32|J)
1,1,2-Trichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (68)
Trichloroethene µg/L -- -- -- (6.5) -- -- -- -- -- -- -- -- -- -- -- (2.0)
1,2,3-Trichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.75|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.76)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.7)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| (<10)
VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0 (0.55)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Benzene µg/L -- -- -- (120) -- -- -- -- -- -- -- -- -- -- -- --
Chlorobenzene µg/L -- -- -- (59) -- -- -- -- -- -- -- -- -- -- -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.32|J)



XMW-23



XMW-24



XMW-25



XMW-26



XMW-16
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XMW-21
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Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.26|J)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9.3
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.30|J
Trichloroethene µg/L -- -- -- (40) -- -- -- -- -- -- -- -- -- -- -- 0.81|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,100
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,000



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.17
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 60



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.7Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 39



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -162.8
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.96|J



Benzene µg/L -- -- -- 44,000 -- -- -- -- -- -- -- -- -- -- -- 22,000
sec-Butylbenzene µg/L -- -- -- 30|J -- -- -- -- -- -- -- -- -- -- -- <50
Ethylbenzene µg/L -- -- -- 30|J -- -- -- -- -- -- -- -- -- -- -- <50
Isopropylbenzene µg/L -- -- -- 58 -- -- -- -- -- -- -- -- -- -- -- 39|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SVOCs 8270 Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 97 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <2,500 -- <5,000 <10,000 <5,000 -- --
Benzene µg/L -- -- -- 380,000 -- -- -- -- -- 47,000 -- 170,000 100,000 73,000 -- 36,000
1,2-Dichloroethane µg/L -- -- -- <100 -- -- -- -- -- <130 -- 4,900 <500 <250 -- <120
Toluene µg/L -- -- -- 240|J -- -- -- -- -- <250 -- <500 <1,000 <500 -- <250



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 (<10)
VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0 (0.27|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 530



8270 Bis(2-Chloroethoxy) Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.81
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.21



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.97
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.7



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -43.60
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 39



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --
Benzene µg/L -- -- -- 7.6 -- -- -- -- -- <0.50 -- 9.5 <0.50 <0.50 -- <0.50Ux|J
n-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
sec-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
1,2-Dichlorobenzene µg/L -- -- -- 0.15Jm|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0



8270 1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
8240/60 1,3-Dichlorobenzene µg/L -- -- -- 0.28|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0



8270 1,3-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
1,1-Dichloroethane µg/L -- -- -- 0.30|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
1,1-Dichloroethene µg/L -- -- -- 2.3 -- -- -- -- -- 3.1 -- 2.4 2.6 1.7 -- <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- 1.2 <1.0 <1.0 -- <1.0
Isopropylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.54|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Naphthalene µg/L -- -- -- <10 -- -- -- -- -- <10 -- <10 <10 <10 -- <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
Styrene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Tetrachloroethene µg/L -- -- -- 21 -- -- -- -- -- 4.6 -- 3.4 2.8 7.2 -- <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- 20 <1.0 <1.0 -- <1.0
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- -- -- 2.2 -- -- -- -- -- 1.7 -- 2.0 1.5 1.9 -- <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
m,p-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- <1.0 <1.0 -- -- <1.0
o-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- 8.6 <1.0 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- <1.0 -- 8.6 <1.0 <1.0 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Dichlordifluoromethane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.94|J



Notes:
URS 2014 data sampled between 09/04/2014 and 09/25/2014
NA = Not Available
< = Compound not detected above laboratory reporting limit listed
( ) - Data collected by third party consultant and shared with URS
HSU - Hydrostratographic unit
Biodeg - Analytes which indicate biological activity
VOCs - Volatile Organic Compounds
SVOCs - Semi-Volatile Organic Compounds
MBFB - Middle Bellflower B-Sand
MBFC - Middle Bellflower C-Sand
URS Qualifiers/Laboratory qualifiers
J - Associated value is an estimated value between the Method Detection Limit and Method Reporting Limit
J(with reason code)  - The analyte was positively identified; the associated numerical value is the estimated concentration of the analyte in the sample.
U - The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
UJ - The analyte was not detected above reported sample quantitation limit.
       However, the reported quantitation limit may or may not represent actual limit of quantitation needed to accurately and precisely measure the analyte in sample.
f - Field duplicate imprecision.
h - Holding time violation.
m - Matrix spike/matrix spike duplicate recovery failure.
x - Field blank contamination.
z - Method blank contamination.



XP-03 MBFB
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Comparison of Primary and Duplicate Sample Analytical Results
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PZL0010 Chloroform 0.87 0.9 3.4
Benzene 0.44 0.48 8.7
1,1-Dichloroethane 0.61 0.67 9.4
1,1-Dichloroethene 2 2 0
cis-1,2-Dichloroethene 4.5 4.7 4.3
trans-1,2-Dichloroethene 1 1.1 9.5
Tetrachloroethene 210 230 9.1
Toluene <1.0 0.24 Not Applicable
Trichloroethene 41 44 7.1
Benzene 2.1 1.8 15.4
1,1-Dichloroethane 180 190 5.4
1,2-Dichloroethane 1.2 1.1 8.7
1,1-Dichloroethene 220 210 4.7
cis-1,2-Dichloroethene 19 19 0
trans-1,2-Dichloroethene 7.1 7.7 8.1
Tetrachloroethene 52 50 3.9
Toluene 0.56 0.5 11.3
Trichloroethene 110 110 0
Vinyl Chloride 1 0.97 3
Benzene 0.46 0.43 6.7
Sec-Butylbenzene 1.4 1.5 6.9
Chlorobenzene 12 12 0
Di-isopropyl ether (DIPE) 0.48 0.45 6.5
1,2-Dichlorobenzene 1.2 1.1 8.7
1,4-Dichlorobenzene 15 16 6.5
1,1-Dichloroethane 4.4 4.7 6.6
1,2-Dichloroethane 4 4.2 4.9
cis-1,2-Dichloroethene 18 19 5.4
1,2-Dichloropropane 5.3 5.3 0
Trichloroethene 1.6 1.7 6.1
Vinyl Chloride 1.9 2.2 14.6
Manganese 3.77 3.84 1.8
Benzene 2700 2700 0
Ethylbenzene 190 190 0
n-Propylbenzene 2.1 2.1 0
Manganese 1.82 1.93 5.9
Benzene 470 570 19.2
sec-Butylbenzene 4.7 4.5 4.3
Ethylbenzene 30 39 26.1



XMW-04HD Benzene 330000 280000 16.4
XP-03 Dichlordiflouromethane 0.94 1 6.2



SWL0065



Duplicate ResultPrimary Result Relative Percent DifferenceLocation Detected VOCs
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EXECUTIVE SUMMARY 
 
Presented in this document are the results of 2014 Baseline Groundwater Monitoring Event 
completed in September 2014 for the Del Amo portion of the Dual Groundwater Operable Unit 
Site (hereafter referred to as “the Site”). Activities were conducted in accordance with the 
Monitoring and Aquifer Compliance Plan (MACP) submitted to the U.S. Environmental 
Protection Agency (USEPA) on September 5, 2014.  The monitoring program is being conducted 
to generate groundwater elevation and laboratory analytical data by which to evaluate the extent 
of the contaminant plume associated with the Site and confirm that biodegradation and 
containment of the plume is occurring. 
 
The Del Amo Superfund Site is a former synthetic rubber plant that was located on 
approximately 280 acres near the intersection of the 405 and 110 freeways in the Harbor 
Gateway portion of Los Angeles, California. The Site and the neighboring Montrose Superfund 
site to the west have unrelated histories.  USEPA has defined groundwater across the two 
superfund sites as a Dual Site. 
 
Benzene and ethylbenzene are the groundwater constituents of concern (COC) associated with 
the Site, although the Site is not the sole source of these COCs in the vicinity. Groundwater 
COCs associated with the Montrose Superfund site include chlorobenzene, DDT, para-
chlorobenzene sulfonic acid (pCBSA), and benzene, while other sites in the vicinity are sources 
of trichloroethene (TCE), and tetrachloroethene (PCE).  
 
The USEPA designated a TI-Waiver Zone in the Dual Site Record of Decision (ROD) where 
remediation of groundwater to in-situ groundwater standards is not required. In the vicinity of 
the Site, the extent of the TI-Waiver zone was based on the known extent of the benzene plume 
at that time. The benzene plume remedy, as outlined in the ROD, consists primarily of monitored 
intrinsic biodegradation. The remedy for the chlorobenzene plume associated with the Montrose 
site is hydraulic extraction, which includes a system of extraction wells, groundwater treatment 
facilities, injection wells and associated piping, collectively referred to as the Torrance 
Groundwater Remediation System (TGRS).  
 
The following observations are presented based on the data gathered during the 2014 Baseline 
Groundwater Monitoring Event: 
 



• Groundwater elevations in all hydrostratigraphic units decreased by an average of 0.57 
feet since the previous monitoring event in 2012.  This drop in water levels is in contrast 
to the long-term trend of rising groundwater levels in the Dual Site vicinity. 



• The groundwater flow direction and average hydraulic gradient for the four water-bearing 
units are generally consistent with historical data. 



• Water table data confirmed the following: 
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o Non-Aqueous Phase Liquid (NAPL) has historically been present in the Site 
Water Table wells XMW-20, SWL0001 and MBFB well SWL0032, which are all 
located near the western Site boundary. NAPL was observed in well SWL0032 
during the recent monitoring event (monitor wells XMW-20 and SWL0001 were 
not gauged during this monitoring event).  



o NAPL was detected at well PZL019 during the recent monitoring event. Well 
PZL019 is located in the western end of the Waste Pits OU and NAPL had not 
previously been observed in this well.   



o The dissolved benzene distribution is generally consistent with historical data 
although a reduction in concentrations and distribution is evident at the Waste Pits 
OU.  Based on review of chlorobenzene analytical laboratory results, the 
dissolved benzene concentrations observed in the southwest corner of the Site and 
on the Montrose site are not associated with historical Site operations. 



o Dissolved benzene known to be associated with the Site is entirely within the TI-
Waiver Zone. The origin of benzene detected at well PZL0005 in the northeast 
corner in 2008 (17 µg/l) is unknown, but may originate from off-site given the 
southwesterly direction of groundwater flow in this area.  Benzene was not 
detected at this location in any previous monitoring events and the anomalous 
result from 2008 will be further evaluated by sampling this well during the 6-
month after TGRS start-up sampling event.  



o Mann-Kendall statistical analysis identified 13 wells with a trend of decreasing 
benzene concentrations through time and no wells with a trend of increasing 
concentrations.  Additionally, benzene was not detected or detected at 
concentrations less than the MCL (< 1 µg/l) at 32 of the 47 wells sampled.  Based 
on these findings, the dissolved benzene plume is stable to decreasing. 



o Biodegradation indicators confirmed that both aerobic and anaerobic 
biodegradation processes are occurring. These data combined with the dissolved 
benzene concentration trends confirm that the monitored intrinsic biodegradation 
remedial approach identified in the ROD is appropriate. 



• MBFB data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data and 



the dissolved benzene plume is entirely within the TI-Waiver Zone.  Based on 
review of chlorobenzene analytical laboratory results, the dissolved benzene 
concentrations observed in the southwest corner of the Site and on the Montrose 
site are not associated with historical Site operations. 



o Mann-Kendall statistical analysis identified no wells with a trend of decreasing 
benzene concentrations through time, and one well with a trend of increasing 
benzene concentrations.  Benzene was not detected or detected at concentrations 
below the MCL (< 1 µg/l) at 12 of the 15 wells sampled.  Based on this finding, 
the dissolved benzene plume is stable to decreasing. 
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o Biodegradation indicators confirmed that both aerobic and anaerobic 
biodegradation processes are occurring. These data combined with the dissolved 
benzene concentration trends confirm that the monitored intrinsic biodegradation 
remedial approach identified in the ROD is appropriate. 



• MBFC Sand data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data. 



Dissolved benzene concentrations tend to be lower than in the overlying water 
table and MBFB water-bearing units, and the dissolved benzene plume associated 
with the Site is entirely within the TI-Waiver Zone.  Based on review of 
chlorobenzene analytical laboratory results, the dissolved benzene concentrations 
in the southwest corner of the Site and on the Montrose site are associated with 
historical Montrose operations and not historical Site operations. 



o Mann-Kendall statistical analysis identified two wells with a trend of decreasing 
benzene concentrations through time and no wells with a trend of increasing 
benzene concentrations. Benzene was not detected or detected at concentrations 
less than the MCL (< 1 µg/l) at 10 of the 16 wells sampled.  Based on these 
findings, the dissolved benzene plume is stable to decreasing. 



• Gage Aquifer data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data. 



The dissolved benzene concentrations and distribution are generally lower than in 
the overlying water table, MBFB and MBFC units.  Based on review of 
chlorobenzene analytical laboratory results, the dissolved benzene concentrations 
observed in the southwest corner of the Site and on the Montrose site are not 
associated with historical Site operations. 



o Wells SWL0066 and SWL0063 were not constructed until after the ROD was 
completed; therefore, the dissolved benzene plume associated with these wells is 
located outside of the TI-Waiver Zone indicated in the ROD.  However, the extent 
of the plume is limited and future analytical laboratory testing will be utilized to 
monitor the benzene concentration trends and extent of the plume. 



o Mann-Kendall statistical analysis did not identify any wells with trends of either 
increasing or decreasing benzene concentrations through time.  Benzene was not 
detected or detected at concentrations less than the MCL (< 1 µg/l) at 3 of the 5 
wells sampled.  Based on this analysis/data, the dissolved benzene plume is stable 
to decreasing  
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Based on the findings summarized above, the following recommendations are made:  



 
 



HSU Well Recommendation Rationale 



Water 
Table 



PZL0002 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 
PZL0003 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0004 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0005 Gauge and sample 
well in 6-month event 



Further evaluate anomalous benzene detection in 2008 sampling event 



PZL0008 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0017 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0019 Continue gauging NAPL present 



SWL0012 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0028 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0039 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0049 Transfer to Montrose Not necessary for monitoring of Del Amo benzene plume 



SWL0057 Destroy well Established history of benzene concentrations below the MCL 



MBFB 



SWL0011 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0019 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0052 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0056 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



MBFC 
SWL0014 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0033 Transfer to Montrose Contaminants present not associated with Del Amo Site 



LBF SWL0043 Destroy well Not screened in major HSU; no history of benzene concentrations in excess of MCL 



Gage 



SWL0031 Previously destroyed 
by PACCAR 



  



SWL0034 Transfer to Montrose Contaminants present not associated with Del Amo Site 



SWL0067 Transfer to TCE 
parties 



Established history of benzene concentrations below the MCL; TCE present not 
associated with Del Amo Site 
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1.0 INTRODUCTION AND BACKGROUND 
 
Presented in this document are the results of groundwater monitoring completed in September 
2014 for the Del Amo Superfund Site (hereafter referred to as “the Site”). The groundwater 
monitoring was conducted in accordance with the Monitoring and Aquifer Compliance Plan 
(MACP) prepared by URS on behalf of Shell Oil Company (URS, 2014) and submitted to the 
U.S. Environmental Protection Agency on September 5, 2014. Both the monitoring event and the 
MACP were completed in response to USEPA requests pending negotiation and execution of a 
Consent Decree for operation and maintenance of the groundwater remedy specified in USEPA’s 
1999 Record of Decision (ROD) for the Dual Site Groundwater Operable Unit (OU), Montrose 
Chemical and Del Amo Superfund sites. A separate MACP and monitoring event were 
completed for the Montrose Superfund Site by AECOM.  
 
The 2014 Baseline Groundwater Monitoring Event focused on the measurement of groundwater 
levels and the collection of groundwater samples for laboratory analysis. The field work 
described herein was conducted contemporaneously with similar groundwater monitoring efforts 
completed for the Montrose site and other nearby sites by other consultants.  
 
The Site is a former synthetic rubber plant that was located on approximately 280 acres near the 
intersection of the 405 and 110 freeways in the Harbor Gateway portion of Los Angeles, 
California (Figure 1). The Del Amo and Montrose Superfund sites have unrelated histories but 
have historically been considered a Dual Site by USEPA with respect to the Groundwater OU 
and associated remedial design investigations.  
 
Benzene is the principal groundwater constituent of concern (COCs)  associated with the Site, 
although the Site is not the sole source of benzene in the vicinity. Groundwater COCs associated 
with the Montrose Superfund site include chlorobenzene, DDT, para-chlorobenzene sulfonic acid 
(pCBSA) and benzene. Multiple groundwater contamination sources are present in the vicinity of 
the Dual Site, some of which are unrelated to either the Del Amo or Montrose sites and are 
associated with releases of trichloroethene (TCE), and tetrachloroethene (PCE).  
 
USEPA designated a technical impracticability zone (TI-Waiver Zone; also referred to as the 
containment zone) in the Dual Site ROD where remediation of groundwater to in-situ 
groundwater standards is not required. In the vicinity of the Site, the TI-Waiver Zone was based 
on the known extent of the benzene plume at the time the ROD was written.  
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2.0 PURPOSE AND SCOPE 
 
2.1 PURPOSE 
 
The MACP includes baseline, 6-month, 1-year, year 2+ annual, and 5-year groundwater 
monitoring events. The objective of the baseline event is to establish groundwater conditions 
prior to start-up of the Montrose TGRS. The 6-month and 1-year events are one-time events to 
evaluate changes in conditions in the initial period following start-up of the treatment system. 
The subsequent year 2+ annual events have a reduced scope, and are intended to provide 
longer term confirmation of plume containment, while the 5-year event provides a more 
comprehensive check on remedy performance. Based on these objectives, the baseline and 5-
year events are very similar in scope, as are the 6-month and 1-year events. The monitoring 
program for each event is summarized in Table 1. 
 
The MACP is evergreen and based on potential changes in hydraulic gradients, COC 
concentration distribution, and biodegradation indicator results, modifications to the testing 
program included in the MACP may be required in the future. 
 
The monitoring program is being conducted to generate groundwater elevation and laboratory 
analytical data by which to evaluate the extent of the COC plume associated with the Site and 
confirm that biodegradation and containment of the plume is occurring. ROD requirements 
pertaining to the MACP and the Site include the following: 
 



• Collection of groundwater elevation data sufficient to generate elevation contour maps, 
evaluate hydraulic gradients, determine flow velocities and evaluate the effect of 
hydraulic extraction for the affected hydrostratigraphic units; 



• Evaluation of the lateral and vertical distribution and movement of COCs, particularly 
with respect to benzene; and 



• Confirmation that COCs have not migrated outside the TI-Waiver Zone and that intrinsic 
biodegradation remains a reliable method for containment of the Site benzene plume. 



 
2.2 SCOPE 
 
The Baseline Groundwater Monitoring Event was completed to establish groundwater conditions 
in the vicinity of the Site prior to the start-up of the Montrose TGRS. The following tasks were 
completed as part of the investigation: 
 



• Measurement of groundwater levels at 88 monitoring wells; 
• Purging, field parameter measurement, and collection of groundwater samples at 85 



monitoring wells; 
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• Laboratory analysis of groundwater samples from 85 wells for volatile organic 
compounds (VOCs); 



• Laboratory analysis of groundwater samples from 20 wells for tertiary butyl alcohol 
(TBA); 



• Laboratory analysis of groundwater samples from 21 wells for biodegradation indicators; 
• Laboratory analysis of Quality Assurance/Quality Control (QA/QC) samples to aid in 



subsequent evaluation of data quality; and 
• Evaluation of the data and preparation of this report. 



 
Monitoring wells included in the Baseline Groundwater Monitoring Event are listed in Table 1 
along with their location-specific scope and analytical program. 
 
Field activities were completed in general accordance with the previously prepared and USEPA-
approved Field Sampling Plan and Quality Assurance Project Plan (URS, 2004). Further details 
regarding the completed scope of work and results are provided in Sections 4, 5, and 6.  
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3.0 HYDROSTRATIGRAPHY REVIEW 
 
The subsurface in the vicinity of the Dual Site OU includes the Bellflower Aquitard and the 
underlying Gage and Lynwood aquifers. The Bellflower Aquitard is subdivided into the Upper 
Bellflower (UBF), Middle Bellflower B Sand (MBFB), Middle Bellflower Mud (MBFM), 
Middle Bellflower C Sand (MBFC), and the Lower Bellflower Aquitard (LBF). A schematic 
diagram showing the relative positions of the hydrostratigraphic units is presented on Figure 2.  
  
The Site monitoring well network targets the primary water-bearing units which are limited to 
the UBF, MBFB, MBFC and the Gage Aquifer. The upper most hydrostratigraphic unit is the 
UBF, with an average thickness of 74 feet in the Site vicinity. This unit consists of laminated to 
massive muds up to 30 feet thick with local discontinuous sands and fossiliferous zones. The 
MBFB is a fine sand with minor muddy layers and laminations. This unit is present only in the 
western portion of the Site and has an average thickness of 15 feet that tapers out toward the 
central portion of the Site. The MBFC is a thick body of fine to medium sand with local muddy 
layers and lenses with an average thickness of approximately 43 feet. The MBFB and MBFC are 
merged over a significant portion of the Site (i.e. the intervening MBFM is not always present). 
The Gage aquifer averages 66 feet thick, consisting of massive to cross-stratified clean sands and 
a distinctive fossiliferous layer. 
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4.0 GROUNDWATER ELEVATIONS AND FLOW 
 
Groundwater level measurements for the Site were generally completed between September 2 
and 4, 2014 using an electronic water level indicator or interface probe. Measurements for eight 
wells were completed on September 9 and 25, 2014 due to a delay in gaining property access. 
Depth to groundwater measurements were converted to groundwater elevations relative to mean 
sea level (MSL) using surveyed elevations for fixed measuring points at each monitoring 
location. Groundwater elevation data are presented in Table 2 and include data generated by 
other investigators for the Montrose site, as well as historical groundwater elevation data for 
comparison. Groundwater elevations in all hydrostratigraphic units decreased by an average of 
0.57 feet since the previous monitoring event in 2012.  This drop in water levels is in contrast to 
the long-term trend of rising groundwater levels in the Site vicinity. The data for each 
hydrostratigraphic unit are further discussed below. 
 
Due to the east-northeasterly inclination of the hydrostratigraphic units, the Water Table is 
present in the UBF over most of the Site but in the MBFB further west (Figure 2). For 
presentation purposes, groundwater elevations and dissolved benzene plumes are presented with 
respect to the Water Table, MBFB, MBFC and Gage Aquifer and the Water Table and MBFB 
units are therefore identical in the western portion of the Site and further west.  
 
4.1 WATER TABLE 
 
Figure 3 presents interpretive groundwater elevation contours for the Water Table during the 
recent monitoring event. Water Table elevations within the Site ranged from a high of -8.56 feet 
MSL at well SWL0038 in the northwest corner, to a low of -10.57 feet MSL at well XMW-28, 
near the southwest corner. Water Table elevations were on average approximately 0.60 feet 
lower than those for the previous monitoring event in 2012. 
 
The water table flow direction is generally southwesterly at an average gradient of 0.0006, but is 
highly variable. The average flow velocity is calculated as follows: 
 
V= K(i) / n 
 
Where V = flow velocity 
 K = hydraulic conductivity = 3.0 feet/day 
 i  = gradient = 0.0006 (unitless) 
 n = effective porosity = 0.15 (unitless) 
 
Values for K and n are consistent with those used in the Groundwater Remedial Investigation 
Report (Dames & Moore, 1998) and are based on previously completed constant discharge/slug 
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testing and physical testing of numerous UBF soil samples, respectively. Using the above values, 
the water table flow velocity is calculated to be approximately 0.01 feet/day or 4.4 feet/year. 
 
4.2 MIDDLE BELLFLOWER B SAND 
 
Groundwater elevations and contours for the MBFB are presented on Figure 4. Groundwater 
elevations within the Site ranged from a high of -9.86 feet MSL at well SWL0003 (coordinates 
E4 on Figure 4) to a low of -10.93 feet MSL at well SWL0060 (coordinates J7). MBFB 
groundwater elevations were on average approximately 0.55 feet lower than for the previous 
2012 monitoring event.  
 
Based on the contours presented on Figure 4, groundwater flow in the MBFB is interpreted to be 
southeasterly in the vicinity of the Site at an average gradient of 0.0005. The average flow 
velocity calculated using the method outlined above (K = 20 feet/day; n = 0.15) is approximately 
0.07 feet/day or 24 feet/year. 
 
4.3 MIDDLE BELLFLOWER C SAND  
 
MBFC groundwater elevations and contours are presented on Figure 5. MBFC groundwater 
elevations within the Site ranged from -9.95 feet MSL at well SWL0065 (coordinates F5) to -
10.98 feet MSL at well SWL0040 (coordinates G7). Groundwater elevations were on average 
approximately 0.71 feet lower than for the previous 2012 monitoring event. 
 
Groundwater flow in the MBFC is toward the south to south-southeast, under an average 
hydraulic gradient of approximately 0.0007. This flow direction is similar to that for the previous 
2012 monitoring event.  The average flow velocity calculated using the method outlined above 
(K = 163 feet/day; n = 0.15) is approximately 0.76 feet/day or 280 feet/year. 
 
4.4 GAGE AQUIFER 
 
Groundwater elevations and contours for the Gage aquifer are presented on Figure 6. 
Groundwater elevations within the Site ranged from -11.83 feet MSL at well XG-06 (coordinates 
C7) to -13.39 feet MSL at well SWL0022 (coordinates G7). Groundwater elevations were on 
average 0.10 feet lower than for the previous 2012 monitoring event.  
 
Groundwater flow in the Gage is interpreted to be toward the east under an average hydraulic 
gradient of approximately 0.0006. Historically, the flow direction has been southeasterly. No 
significant change in the gradient has occurred. The average flow velocity is approximately 0.14 
feet/day or 52 feet/year (K = 31 feet/day; n = 0.13). 
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4.5 HYDRAULIC HEAD  
 
Data for co-located wells completed in different hydrostratigraphic units indicate that water 
levels are generally lower in successively deeper hydrostratigraphic units. Representative 
groundwater elevations for co-located wells completed in different hydrostratigraphic units can 
be compared in the following table: 
 



Well Cluster 
Location 



HSU Well 



2014 
Groundwater 



Elevation 
(ft. MSL) 



Western Plant Site 
Boundary 



Water Table PZL0016 -9.51 
MBFB SWL0029 -10.03 
MBFC SWL0030 -10.15 
Gage SWL0031 Not available 



Central Plant Site, 
Francisco St. 



Water Table SWL0016 -9.57 
MBFB SWL0037 -10.31 
MBFC SWL0035 -10.08 
Gage SWL0036 -13.16 



East of Plant site, 
Figueroa St. 



Water Table SWL0009 -7.42 



MBFB/C SWL0010 -11.12 



Gage SWL0025 -13.43 



 
For a given location, water levels in the Water Table, MBFB, and MBFC are typically within a 
few feet of each other, while the level in the Gage is typically an additional two to four feet 
lower than the MBFC. The generally decreasing water levels with depth indicate a downward 
hydraulic gradient. 
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5.0 NON-AQUEOUS PHASE LIQUID 
 
Non-Aqueous Phase Liquid (NAPL) has historically been present in Site Water Table wells 
XMW-20, SWL0001, and MBFB well SWL0032, which are all located in close proximity to 
each other near the western Site boundary. NAPL was observed in well SWL0032 with a 
thickness of 2.33 feet during the recent monitoring event (monitor wells XMW-20 and SWL0001 
were not gauged during this monitoring event). Historical data indicates the NAPL near the 
western Site boundary to be composed almost entirely of benzene. 
 
A viscous, black NAPL was detected at well PZL019 during the recent monitoring event with a 
thickness of 1.65 feet. Well PZL019 is located in the western end of the Waste Pits OU 
(coordinates E7 on Figure 7). The dissolved benzene concentration reported for the last 
groundwater monitoring event (December 2011) was 250,000 µg/l at this location (Table 3) but 
NAPL has never been previously observed. In accordance with Table 1 of the MACP, this well is 
included as part of the Waste Pits OU Performance Monitoring Program and will be discussed in 
more detail in the 2014 Waste Pit OU Annual Report. 
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6.0 GROUNDWATER SAMPLING AND ANALYTICAL RESULTS 



 
6.1 SAMPLING  AND ANALYTICAL METHODS 
 
Groundwater samples for the recent monitoring event were collected between September 4 and 
25, 2014. With the exception of well SWL0047, sampling and purging of each well was 
completed using a low-flow submersible pump and attached polyethylene tubing. For wells 
without dedicated pumps and tubing, a cleaned, temporary pump and new, disposable tubing was 
used. Well SWL0047 was observed to have oily debris in the well box and was therefore macro-
purged to ensure formation water was sampled and minimize the potential for impacts from the 
surface contamination. 
 
Water quality parameters, including pH, temperature, electrical conductivity, turbidity, oxidation 
reduction potential (ORP), and dissolved oxygen (DO) were measured and documented in the 
field during purging using a calibrated, multi-parameter water quality meter and are available 
upon request.  Purging was conducted at a rate ranging from 200 to 400 milliliters per minute 
and continued until three consecutive measurements were within 10% of each other.  
 
Purge water was stored in a temporary tank located at the Waste Pit OU pending waste profiling 
to determine appropriate off-site disposal. The purge water was subsequently transported by 
American Integrated Services as hazardous waste to Evoqua Water Technologies in Vernon, 
California for treatment and recycling.  The waste disposal manifest is provided in Appendix A. 
 
Samples were collected to be free of headspace in pre-cleaned, laboratory-supplied containers 
appropriate for the analyses to be completed.  Samples were labeled immediately after collection 
and temporarily stored in a cooled ice chest pending same-day transport to the analytical 
laboratory under chain-of-custody protocol. 
 
All groundwater sample analyses were completed by Eurofins Calscience of Garden Grove, 
California. VOCs, including TBA, were analyzed using USEPA Method 8260B.  Biodegradation 
indicator analyses performed by the laboratory included tests for methane by RSK-175M, ferrous 
iron by SM 3500-FeB, sulfate and nitrate by USEPA Method 300.0, total alkalinity by SM 
2320B, and carbon dioxide by SM4500-CO2D. 
 
6.2 OVERVIEW AND DATA PRESENTATION FORMAT 
 
Groundwater analytical results are discussed below for the Water Table, MBFB, MBFC and 
Gage units. Discussion of VOC concentrations and plume distributions is limited to 
concentrations associated with the Site and is focused on benzene, the principal groundwater 
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COC associated with the Site based on its distribution,  magnitude of concentrations, and relative 
toxicity. 
 
Table 3 presents a time-series summary of detected analytes for wells in the Site vicinity.  The 
table is limited chronologically to the data generated since the 2006 comprehensive monitoring 
event through the recent 2014 event. Comprehensive reporting of analytical data for the recent 
monitoring event is presented electronically in Appendix B. 
 
The dissolved benzene plumes and associated concentration data from the 2014 Baseline 
Sampling Event for the Water Table, MBFB, MBFC and Gage hydrostratigraphic units are 
presented on Figures 7, 8, 9, and 10 respectively.  These figures include data collected by URS 
for the Site MACP as well as data collected by other investigators. Where 2014 data is not 
available, the most recent historical data is presented, dating back to a comprehensive monitoring 
event conducted in 2006. Sampling locations with current data are distinguished from those with 
historical data by the well symbol, as indicated in the legend for each figure. 
 
The ROD defines the benzene plume as “the portion of the distribution of benzene in 
groundwater at the Joint Site that is not comingled with chlorobenzene.  Put another way, the 
benzene plume is that benzene within the Joint Site that lies outside of the chlorobenzene 
plume…”.  The dissolved benzene plumes presented in the figures are based on this ROD 
definition, and illustrate the extent of benzene associated with historical releases from the Site.  
While benzene concentration data are presented on the figures for the area within the ROD-
defined chlorobenzene plume, the benzene within this area is not attributed to the Site, and no 
isoconcentration lines or additional interpretation of these data is provided. Similarly, benzene 
present in other off-site plumes that are clearly discontinuous from the Site are also not 
associated with the Site and are not interpreted.  
 
6.3 BENZENE DISTRIBUTION 
 
6.3.1 Water Table 
The interpreted Water Table dissolved benzene distribution is presented on Figure 7. The 
dissolved benzene distribution is generally consistent with historical data.  Beginning with the 
previous 2012 monitoring event and continuing through the recent monitoring event, the 
dissolved benzene plume in the vicinity of the Waste Pits OU is significantly reduced relative to 
historical events.  
 
Dissolved benzene known to be associated with the Site is entirely within the TI-Waiver Zone. 
The benzene detection at well PZL0005 at the northeastern Site boundary (17 µg/l in 2008) is 
outside the TI-Waiver Zone, but its origin is unknown.   Benzene was not detected at this 
location in the previous nine sampling events between March of 1993 and February of 1996. 
Given this history and the location of the well along the hydrologically upgradient side of the 
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plant site, the detected benzene may be associated with an off-site source rather than the Site, or 
the 2008 result may be anomalous.  Based on this uncertainty, PZL0005 will be sampled during 
the 6-month after TGRS start-up monitoring event to allow further evaluation.  



 
As reflected on Figure 7, dissolved benzene concentrations in the southwest corner of the Site 
and on the Montrose site are not associated with historical Site operations based on the 
coincident presence of chlorobenzene and chlorinated solvents.  
 
To assess benzene concentration trends at the Site, a Mann-Kendall analysis was completed.  
Mann-Kendall is a non-parametric method, meaning that there is no assumption of a statistical 
distribution (e.g., normal distribution).  Most groundwater data is not distributed normally, due to 
left censoring (no values recorded below the detection limit) and the occasional very high 
concentration, orders of magnitude above the detection limit.  Mann-Kendall statistical analysis 
was performed for wells with a history of benzene detections since initiation of groundwater 
monitoring activities. The analysis was completed for both the short term (last 8 sampling 
events) and long term (last 16 sampling events).  Wells for which trends of increasing or 
decreasing benzene concentrations were identified are indicated below.  For all other wells, a 
trend was either not identified or there was insufficient data for analysis. Historical data 
spreadsheets, concentration trend plots, and results pertaining to the Mann-Kendall analysis are 
provided in Appendix C. 
 



Short Term Trends Long Term Trends 



Decreasing 
Concentrations 



Increasing 
Concentrations 



Decreasing 
Concentrations 



Increasing 
Concentrations 



PZL0009 
PZL0011 
PZL0013 
PZL0020 
PZL0026 
SWL0003 
SWL0004 
SWL0008 
SWL0044 
SWL0051 



XMW-04HD 
XMW-28 
XMW-29 



 PZL0020 
SWL0008 



none 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 32 of the 47 wells sampled.  Based on these findings, the dissolved benzene plume is 
stable to decreasing. 
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6.3.2 Middle Bellflower B Sand 
MBFB benzene data are summarized on Figure 8. The MBFB plume is not discussed at length 
here since the Water Table and the MBFB water-bearing units are identical in the western 
portion of the Site and further west.  Further east, the MBFB dissolved benzene plume is similar 
to the Water Table dissolved benzene plume, but with a significantly reduced distribution. The 
overall dissolved benzene plume distribution is similar to that for previous monitoring events and 
the portion attributable to plant site sources remains within the TI-Waiver Zone. 
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify MBFB wells 
with benzene concentration trends and the results of the analysis are summarized below.  
Associated historical data spreadsheets, concentration trend plots, and results are provided in 
Appendix C. 
 



Short Term Trends Long Term Trends 



Decreasing 
Concentrations 



Increasing 
Concentrations 



Decreasing 
Concentrations 



Increasing 
Concentrations 



None SWL0048 None None 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 12 of the 15 wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 
6.3.3 Middle Bellflower C Sand 
Benzene results for the MBFC are summarized on Figure 9. MBFC benzene concentrations tend 
to be lower than in the overlying Water Table and MBFB. Dissolved benzene associated with the 
Site occurs in three distinct plume areas, with their respective concentration maxima occurring at 
wells SWL0065 (coordinates F6 on Figure 9), SWL0040 (Coordinates G7), and SWL0060 
(coordinates J7), respectively. 
 
The SWL0065 dissolved benzene plume is inferred to be associated with releases from the 
former styrene plancor portion of the Site and roughly corresponds to larger, higher 
concentration plume areas in the overlying Water Table and MBFB. The dissolved benzene 
plume at well SWL0040 is likely associated with the Waste Pits OU and/or or adjacent 
petroleum pipelines along the southern Site boundary that are unrelated to the Site.  The 
dissolved benzene plume at SWL0060 is inferred to be associated with Site pipeline releases and 
overlying NAPL-impacted soil. 
 
Each of the three plume areas discussed above are considered to be within the MBFC TI-Waiver 
Zone. While the ROD does not depict the MBFC TI-Waiver Zone in the vicinity of well 
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SWL0060 (see ROD Figure 10-1), the dissolved benzene plume in this area is still considered to 
be within the TI-Waiver Zone for the following reasons: 
 



• The ROD indicates an MBFB TI-Waiver Zone in this area; 
• The MBFB and MBFC are merged and relatively thin in the vicinity of well SWL0060 so 



that the well is considered to be screened in both units; and  
• The ROD defines the MBFC TI-Waiver Zone as the projection of the lateral boundary of 



the dissolved benzene plume in the MBFB onto the underlying MBFC (see page 10-11 of 
the ROD). 



 
The largest distribution of the MBFC dissolved benzene extends over the southwestern corner of 
the Site, but is inferred to emanate from sources unrelated to the Site based on the plume 
geometry, groundwater flow direction, and coincident high concentrations of chlorobenzene. 
This area is within the chlorobenzene plume and not the benzene plume using the ROD-defined 
terminology.   
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify MBFC wells 
with benzene concentration trends and the results of the analysis are summarized below.    
Associated historical data spreadsheets, concentration trend plots, and results are provided in 
Appendix C. 
 



Short Term Trends Long Term Trends 
Decreasing 



Concentrations 
Increasing 



Concentrations 
Decreasing 



Concentrations 
Increasing 



Concentrations 
SWL0054 
XBF-13 



None None None 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 10 of the 16 wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 
6.3.4 Gage Aquifer 
Benzene results for the Gage aquifer are summarized on Figure 10. The dissolved benzene plume 
attributed to the Site is centered at well SWL0066 and is associated with overlying, larger areas 
of higher benzene concentration in the Water Table, MBFB and MBFC. Benzene present in the 
southwest corner of the Site and further south is part of the chlorobenzene plume under the ROD 
terminology and is interpreted to be associated with the Montrose site based on the plume 
geometry, groundwater flow direction, and coincident high concentrations of chlorobenzene. 
 
Since wells SWL0063 and SWL0066 were not constructed until after the ROD was completed, 
the dissolved benzene plume in this area of the Site is located outside of the Gage aquifer TI-
Waiver Zone indicated in the ROD.  However, the extent of the dissolved benzene plume is 
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limited and future analytical laboratory testing will be utilized to monitor the benzene 
concentration trends and extent of the plume.  
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify Gage wells 
with benzene concentration trends.  No concentration trends were identified. Benzene 
concentrations were not detected or detected at concentrations below the MCL (1 µg/l) at three 
of the five wells sampled.  Based on this finding, the dissolved benzene plume is stable to 
decreasing. 
 
6.4 TERTIARY BUTYL ALCOHOL 
 
A subset of wells analyzed for VOCs were selected for additional TBA analysis.  Wells were 
selected for TBA analysis where a) TBA was previously detected, as indicated in the 2012 
groundwater monitoring report (URS, 2012); b) TBA is potentially present based on the well 
location within the interpreted TBA plume presented in the 2012 monitoring report; and c) 
USEPA specifically requested TBA analysis (see USEPA comment letter of August 18, 2014). 
Results of TBA analyses are summarized in Table 3. 
 
6.5 BIODEGRADATION INDICATORS 
 
Degradation of dissolved hydrocarbons can be facilitated by certain species of microorganisms 
indigenous in the subsurface. These microbes obtain energy by metabolizing and breaking down 
hydrocarbons that have been introduced into the environment. The microbes extract energy by 
facilitating the transfer of electrons from the hydrocarbon (an electron donor) to oxidized 
elements in the environment that are electron acceptors. Common electron acceptors in the 
saturated zone include DO, nitrate, ferric iron (Fe+++), sulfate, and carbon dioxide. Thus, depleted 
concentrations of these elements and compounds coincident with hydrocarbon contamination 
serve as indicators of biodegradation. In some cases, it can be more convenient and/or accurate 
to measure increased concentrations of the byproducts of the chemical reduction process rather 
than decreased concentrations of the electron acceptors. For example, instead of measuring 
decreases in the concentrations of ferric iron (Fe+++) or carbon dioxide, increases in 
concentrations of ferrous iron (Fe++) and methane can be measured, which are equally valid 
biodegradation indicators. Additionally, elevated levels of alkalinity can be used as an indicator 
of benzene biodegradation.  
 
Specific environmental conditions dictate which, if any, biodegradation pathways are active so 
that not all indicators will necessarily be observed at a site. However, aerobic respiration and 
consumption of DO is typically the first process. After oxygen depletion, degradation by 
anaerobic microorganisms through denitrification, reduction of iron and sulfate, and 
methanogenesis pathways may occur. 
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Biodegradation indicator analyses completed for the Baseline Groundwater Monitoring Event 
included tests for DO, ORP, carbon dioxide, methane, nitrate, sulfate, ferrous iron, and total 
alkalinity. DO, ORP and carbon dioxide data are used in evaluating aerobic biodegradation. The 
laboratory analyses for nitrate, ferrous iron, sulfate, methane are specific to anaerobic 
degradation pathways. The remaining analysis for total alkalinity can be used for either aerobic 
or anaerobic degradation. 
 
Locations for which biodegradation indicator analyses were completed included 13 Water Table 
wells and six MBFB wells along the transects indicated on Figures 7 and 8. These transects 
typically provide data for positions up-gradient of the dissolved benzene plume, within the 
dissolved benzene plume, at the down-gradient fringe of the dissolved benzene plume, and 
down-gradient or cross-gradient of the dissolved benzene plume. Biodegradation indicator data 
are included in Table 3 and graphs presenting the data relative to the transect lines and position 
of the wells relative to the plumes are presented in Figures 11 through 15.  
 
A simplified summary of the biodegradation data is presented in the table below, wherein each of 
the indicators is identified with respect to the expected mid-plume value (where high benzene 
concentrations are present) relative to the values outside of the plume. An “X” indicates a strong 
indication, wherein the expected relationship is achieved at multiple locations, and an “O” 
indicates where there is partial agreement. A dash (-) indicates the data are not indicative of 
biodegradation for that pathway. 
 



Biodegradation 
Process 



Indicator 
Mid-plume 



Biodegradation 
Indication 



Transect Occurrences 



WT-1 WT-2 WT-3 WT-4 MBFB-1 



Aerobic 



Oxygen 
Concentration 



Reduced O O O X O 



ORP value Reduced X X X X O 
Carbon Dioxide 
Concentration 



Increased O X O X O 



Anaerobic 



Ferrous Iron 
Concentration 



Increased X X O X O 



Methane 
Concentration 



Increased X O X O O 



Nitrate 
Concentration 



Decreased O X - O - 



Sulfate 
Concentration 



Decreased X X X X O 



Alkalinity 
Concentration 



Increased X X O X X 



 
As shown in the table, there is an overall indication that both aerobic and anaerobic 
biodegradation processes are occurring, with the ORP, sulfate, and alkalinity data being the 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       16 



strongest indicators. This result, combined with the previously discussed findings indicating that 
Site benzene plumes have not migrated outside the TI-Waiver Zone and the Mann-Kendall 
statistical analysis indicating trends of decreasing benzene concentrations at multiple Water 
Table and MBFB wells confirms that the natural monitored intrinsic biodegradation remedial 
approach identified in the ROD is appropriate.  
 
6.6 QA/QC DATA AND EVALUATION 
 
Quality Assurance/Quality Control (QA/QC) samples analyzed as part of the monitoring 
program included four field blanks, 14 equipment blanks, 15 trip blanks, and eight field duplicate 
samples. The equipment blanks consisted of laboratory provided, organic-free water that was 
poured over a cleaned, non-dedicated pump into sample vials. Analysis of these samples permits 
evaluation of potential cross-contamination between sampling locations. The trip blanks were 
laboratory-prepared vials of organic-free water that remained with the primary sample containers 
during transit to and from the site, and during sampling.  The trip samples are not opened at any 
time during the field investigation, and their purpose is to allow evaluation of cross-
contamination from laboratory sources as well as between sample containers. Duplicate samples 
are collected at the same time and location as a corresponding primary sample, and are used to 
evaluate the reproducibility of the laboratory analyses. 
 
QA/QC samples were analyzed for the same constituents and by the same method (USEPA 
Method 8260) as for the corresponding primary samples. All compounds were below detection 
limits in each of the equipment blank and trip blank samples indicating that no cross 
contamination occurred. Duplicate samples were collected for locations PZL0010, SWL0002, 
SWL0003, SWL0021, SWL0050, SWL0065, XWM-04HD, and XP-03. Comparison of the 
primary and duplicate sample results for these locations is provided in Table 4.As indicated in 
the table, the relative percent difference between the primary and duplicate sample 
concentrations are all well below the 50% criteria for acceptance without qualification.  
 
Based on the equipment blank, trip blank, and field duplicate sample results described above and 
other criteria described in the Data Validation Memorandum presented in Appendix D, the data 
presented in this report are judged adequate for their intended purpose. 
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7.0  CONCLUSIONS AND RECOMMENDATIONS 
 
Presented in this document are the results of the 2014 Baseline Groundwater Monitoring Event 
completed in September 2014 for the Site, which were conducted in accordance with the 
September 5, 2014 MACP.  The monitoring program is being conducted to generate groundwater 
elevation and laboratory analytical data by which to evaluate the extent of the contaminant plume 
associated with the Site and confirm that biodegradation and containment of the dissolved 
benzene plume is occurring. 
 
The following conclusions are presented based on the data gathered during the 2014 Baseline 
Groundwater Monitoring Event: 
 



• Groundwater Elevations and Flow: 
o Water table elevations within the Site ranged from a high of -8.56 feet MSL at 



well SWL0038 in the northwest corner, to a low of -10.57 feet MSL at well 
XMW-28, near the southwest corner.  Groundwater elevations were on average 
approximately 0.57 feet lower than those for the previous monitoring event in 
2012.  The flow direction is generally southwesterly at an average gradient of 
0.0006 and velocity of approximately 0.01 feet/day or 4.4 feet/year. 



o MBFB elevations within the Site ranged from a high of -9.86 feet MSL at well 
SWL0003 to a low of -10.93 feet MSL at well SWL0060. Groundwater elevations 
were on average approximately 0.55 feet lower than for the previous 2012 
monitoring event. The flow direction is generally to the southeast at an average 
gradient of 0.0005 and velocity of approximately 0.07 feet/day or 24 feet/year. 



o MBFC groundwater elevations within the Site ranged from -9.95 feet MSL at well 
SWL0065 to -10.98 feet MSL at well SWL0040. Groundwater elevations were on 
average approximately 0.71 feet lower than for the previous 2012 monitoring 
event.  The flow direction is generally to the south-southeast at an average 
hydraulic gradient of approximately 0.0007 and velocity of approximately 0.76 
feet/day or 280 feet/year. 



o Gage Aquifer groundwater elevations within the Site ranged from -11.83 feet 
MSL at well XG-06 to -13.39 feet MSL at well SWL0022. Groundwater 
elevations were on average 0.10 feet lower than for the previous 2012 monitoring 
event. The flow direction is generally to the east at an average hydraulic gradient 
of approximately 0.0006 and velocity of approximately 0.14 feet/day or 52 
feet/year. 



o Groundwater elevation data for co-located wells completed in different 
hydrostratigraphic units indicate that water levels are generally lower in 
successively deeper hydrostratigraphic units, indicating a downward hydraulic 
gradient. 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       18 



 
• NAPL: 



o NAPL has historically been present in Site water table wells XMW-20, SWL0001 
and MBFB well SWL0032, which are all located near the western Site boundary. 
NAPL was observed in well SWL0032 during the recent monitoring event 
(monitor wells XMW-20 and SWL0001 were not gauged during this monitoring 
event). Historical data indicates the NAPL near the western Site boundary to be 
composed almost entirely of benzene. 



o NAPL was detected at well PZL019 during the recent monitoring event, with a 
thickness of 1.65 feet. Well PZL019 is located in the western end of the Waste 
Pits OU and NAPL has not previously been observed in this well.  In accordance 
with Table 1 of the MACP, this well is included as part of the Waste Pits OU 
Performance Monitoring Program and will be discussed in more detail in the 2014 
Waste Pit OU Annual Report. 



• Benzene Distribution – Water Table: 
o While the dissolved benzene distribution is generally consistent with historical 



data, benzene concentrations and distribution are reduced in the vicinity of the 
Waste Pits OU. 



o Dissolved benzene known to be associated with the Site is entirely within the TI-
Waiver Zone. The origin of benzene detected at well PZL0005 in the northeast 
corner in 2008 (17 µg/l) is unknown, but may originate from off-site given the 
southwesterly direction of groundwater flow in this area.  Benzene was not 
detected at this location in any previous monitoring events and the anomalous 
result from 2008 will be further evaluated by sampling this well during the 6-
month after TGRS start-up sampling event.  



o Mann-Kendall statistical analysis identified 13 wells with a trend of decreasing 
benzene concentrations through time and no wells with increasing concentrations.  
Benzene concentrations were not detected or detected at concentrations below the 
MCL (< 1 µg/l) at 32 of the 47 wells sampled.  Based on these findings, the 
dissolved benzene plume is stable to decreasing.  



o Biodegradation indicators confirmed that there is an overall indication that both 
aerobic and anaerobic biodegradation processes are occurring, and this data 
combined with the observed benzene distribution and identified trends of 
decreasing benzene concentrations confirm that the monitored intrinsic 
biodegradation remedial approach identified in the ROD is appropriate. 



• Benzene Distribution - MBFB: 
o The dissolved benzene distribution is generally consistent with historical data and 



the dissolved benzene plume is entirely within the TI-Waiver Zone. The dissolved 
benzene concentrations observed in the southwest corner of the Site and on the 
Montrose site are not associated with historical Site operations based on the 
coincident presence of chlorobenzene and chlorinated solvents. 
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o Mann-Kendall statistical analysis identified no wells with a trend of decreasing 



benzene concentrations through time and one well with increasing benzene 
concentrations. Benzene concentrations were not detected or detected at 
concentrations below the MCL (< 1 µg/l) at 12 of the 15 wells sampled.  Based on 
this finding, the dissolved benzene plume is stable to decreasing. 



o Biodegradation indicators confirmed that there is an overall indication that both 
aerobic and anaerobic biodegradation processes are occurring, and these data 
combined with the observed benzene distribution and the dissolved benzene 
concentration trends confirm that the monitored intrinsic biodegradation remedial 
approach identified in the ROD is appropriate. 



• Benzene Distribution - MBFC Sand: 
o The dissolved benzene distribution is generally consistent with historical data and 



dissolved benzene concentrations tend to be lower than in the overlying water 
table and MBFB water-bearing units. 



o The dissolved benzene plume associated with the Site is entirely within the TI-
Waiver Zone.  



o The dissolved benzene concentrations observed in the southwest corner of the Site 
and in the vicinity of the Montrose site are not associated with the Site based on 
the coincident presence of chlorobenzene and chlorinated solvents. 



o Mann-Kendall statistical analysis identified two wells with a trend of decreasing 
benzene concentrations through time and no wells with increasing concentrations.  
Benzene concentrations were not detected or detected at concentrations below the 
MCL (< 1 µg/l) at 10 of the 16 wells sampled.  Based on this finding, the 
dissolved benzene plume is stable to decreasing. 



• Benzene Distribution - Gage Aquifer: 
o The dissolved benzene distribution is generally consistent with historical data and 



dissolved benzene concentrations tend to be lower than in the overlying water 
table, MBFB and MBFC water-bearing units. 



o The dissolved benzene concentrations observed in the vicinity of the southwest 
corner of the Site and the Montrose site are not associated with historical Del 
Amo operations based on the coincident presence of chlorobenzene and 
chlorinated solvents.  Wells SWL0066 and SWL0063 were not constructed until 
after the ROD was completed; therefore, the dissolved benzene plume is located 
outside of the TI-Waiver Zone indicated in the ROD.  However, the extent of the 
plume is limited and future analytical laboratory testing will be utilized to monitor 
the benzene concentration trends and extent of the plume   



o Mann-Kendall statistical analysis did not identify any wells with trends of either 
increasing or decreasing concentrations.   Benzene concentrations were not 
detected or detected at concentrations below the MCL (< 1 µg/l) at three of the 
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five wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 



Based on the conclusions presented above, 17 wells are recommended for destruction and an 
additional four wells are recommended for transfer to other parties.  One well is recommended 
for inclusion in the 6-month sampling event. The individual wells with their associated 
recommendation and rationale are summarized in the table below:  



 
 



HSU Well Recommendation Rationale 



Water 
Table 



PZL0002 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 
PZL0003 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0004 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0005 Gauge and sample 
well in 6-month event 



Further evaluate anomalous benzene detection in 2008 sampling event 



PZL0008 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0017 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0019 Continue gauging NAPL present 



SWL0012 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0028 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0039 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0049 Transfer to Montrose Not necessary for monitoring of Del Amo benzene plume 



SWL0057 Destroy well Established history of benzene concentrations below the MCL 



MBFB 



SWL0011 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0019 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0052 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0056 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



MBFC 
SWL0014 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0033 Transfer to Montrose Contaminants present not associated with Del Amo Site 



LBF SWL0043 Destroy well Not screened in major HSU; no history of benzene concentrations in excess of MCL 



Gage 



SWL0031 Previously destroyed 
by PACCAR 



  



SWL0034 Transfer to Montrose Contaminants present not associated with Del Amo Site 



SWL0067 Transfer to TCE 
parties 



Established history of benzene concentrations below the MCL; TCE present not 
associated with Del Amo Site 
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APPENDIX B 
 



LABORATORY ANALYTICAL DATA  











2014 BASELINE GROUNDWATER MONITORING REPORT 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX C 
 



MANN-KENDALL STATISTICAL ANALYSIS 
 











Monitor Well
Short‐Term Mann‐Kendall 



Result*



Longer‐Term Mann‐Kendall 



Result**



Benzene (Water Table)
PZL0009 Decreasing Insufficient Data



PZL0011 Decreasing Insufficient Data



PZL0013 Decreasing Insufficient Data



PZL0018 No Trend No Trend



PZL0020 Decreasing Decreasing



PZL0026 Decreasing Insufficient Data



SWL0003 Decreasing Insufficient Data



SWL0004 Decreasing Insufficient Data



SWL0008 Decreasing Decreasing



SWL0044 Decreasing Insufficient Data



SWL0051 Decreasing Insufficient Data



SWL0059 Insufficient Data Insufficient Data



SWL0068 Insufficient Data Insufficient Data



XMW‐01HD Insufficient Data Insufficient Data



XMW‐04HD Decreasing Insufficient Data



XMW‐28 Decreasing Insufficient Data



XMW‐29 Decreasing No Trend



Benzene (MBFB)
SWL0029 No Trend Insufficient Data



SWL0032 Insufficient Data Insufficient Data



SWL0041 No Trend Insufficient Data



SWL0048 Increasing Insufficient Data



SWL0050 No Trend Insufficient Data



SWL0060 Insufficient Data Insufficient Data



SWL0054 Decreasing Insufficient Data



SWL0065 Insufficient Data Insufficient Data



XBF‐13 Decreasing Insufficient Data



SWL0063 Insufficient Data Insufficient Data



SWL0066 Insufficient Data Insufficient Data



TOTALS
Increasing 1 0



No Trend 4 2



Decreasing 15 2



Insufficient Data 8 24



Notes:



All wells analyzed for trends in Total Xylenes concentrations



* Short‐Term result utilizes last eight sampling events.



** Longer‐Term result utilizes  last 16 sampling events.



Del Amo



Mann Kendall Trend Evaluation on Select Wells



Benzene (MBFC)



Benzene (Gage)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID PLZ0009 PLZ0011 PLZ0013 PLZ0018 PLZ0020 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l PLZ0009 Decreasing
1 9000 86000 570000 0.75 350000 PLZ0011 Decreasing
2 1200 77000 590000 0.5 400000 PLZ0013 Decreasing
3 550 43000 520000 0.5 580000 PLZ0018 No Trend
4 680 38000 470000 0.5 470000 PLZ0020 Decreasing
5 290 40000 400000 0.68 570000
6 170 36000 460000 0.5 540000 16 Event Evaluation
7 72 8100 300000 0.27 480000 PLZ0009 Insufficient Data
8 11 120 330000 0.53 480000 PLZ0011 Insufficient Data
9 1.4 410000 PLZ0013 Insufficient Data



10 20000 510000 PLZ0018 No Trend
11 4200 290000 PLZ0020 Decreasing
12 2500 530000
13 0.5 410000
14 63000 370000
15 1700 190000
16 0.5 280000



  



PLZ0009 - Benzene (Water Table)
PLZ0011 - Benzene (Water Table)
PLZ0013 - Benzene (Water Table)
PLZ0018 - Benzene (Water Table)
PLZ0020 - Benzene (Water Table)
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID PLZ0026 SWL0003 SWL0004 SWL0008 8 Event Evaluation



Event ug/l ug/l ug/l ug/l PLZ0026 Decreasing
1 2700 340000 920000 25000 SWL0003 Decreasing
2 3900 430000 870000 12000 SWL0004 Decreasing
3 2400 350000 870000 11000 SWL0008 Decreasing
4 1100 330000 950000 24000
5 620 340000 820000 23000
6 2000 150000 610000 2300 16 Event Evaluation
7 91 170000 610000 25000 PLZ0026 Insufficient Data
8 53 2.1 46000 1700 SWL0003 Insufficient Data
9 9300 SWL0004 Insufficient Data



10 49000 SWL0008 Decreasing
11 21000
12 810
13 340
14 140
15 52
16 12
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0044 SWL0051 SWL0059 SWL0068 XMW-01HD 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l SWL0044 Decreasing
1 5700 8.4 9.3 280000 62 SWL0051 Decreasing
2 56000 7.9 5 150000 SWL0059 Insufficient Data
3 28 12 150000 SWL0068 Insufficient Data
4 4.5 5 XMW-01HD Insufficient Data
5 50 0.61
6 1.1 0.57 16 Event Evaluation
7 0.82 4 SWL0044 Insufficient Data
8 2.1 0.5 SWL0051 Insufficient Data
9 SWL0059 Insufficient Data



10 SWL0068 Insufficient Data
11 XMW-01HD Insufficient Data
12
13
14
15
16
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SWL0044 - Benzene (Water Table)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID XMW-04HD XMW-28 XMW-29 8 Event Evaluation



Event ug/l ug/l ug/l XMW-04HD Decreasing
1 980000 150000 6600 XMW-28 Decreasing
2 900000 170000 24000 XMW-29 Decreasing
3 800000 140000 96000
4 890000 72000 150000
5 670000 100000 180000
6 310000 69000 240000 16 Event Evaluation
7 430000 44000 5700 XMW-04HD Insufficient Data
8 330000 22000 110000 XMW-28 Insufficient Data
9 420000 XMW-29 No Trend



10 580000
11 380000
12 47000
13 170000
14 100000
15 73000
16 36000
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0029 SWL0032 SWL0041 SWL0048 SWL0050 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l SWL0029 No Trend
1 1.1 660000 8500 33000 69000 SWL0032 Insufficient Data
2 1.7 5900 38000 74000 SWL0041 No Trend
3 0.88 1600 22000 46000 SWL0048 Increasing
4 0.75 330 49000 62000 SWL0050 No Trend
5 1.1 550 59000 46000
6 1.3 22000 190000 84000 16 Event Evaluation
7 1.7 11000 180000 78000 SWL0029 Insufficient Data
8 0.65 1.8 180000 2700 SWL0032 Insufficient Data
9 SWL0041 Insufficient Data



10 SWL0048 Insufficient Data
11 SWL0050 Insufficient Data
12
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0060 8 Event Evaluation



Event ug/l SWL0060 Insufficient Data
1 11
2 15
3 240
4
5
6 16 Event Evaluation
7 SWL0060 Insufficient Data
8
9
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0054 SWL0065 8 Event Evaluation



Event ug/l ug/l SWL0054 Decreasing
1 14 180000 SWL0065 Insufficient Data
2 16 340000
3 11 190000
4 6.7 95000
5 5.5 470
6 12 16 Event Evaluation
7 1.8 SWL0054 Insufficient Data
8 1.3 SWL0065 Insufficient Data
9
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SWL0054 - Benzene (MBFC)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID XBF-13 8 Event Evaluation



Event ug/l XBF-13 Decreasing
1 15000
2 21000
3 20000
4 22000
5 19000
6 8700 16 Event Evaluation
7 1200 XBF-13 Insufficient Data
8 3.9
9
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0063 SWL0066 8 Event Evaluation



Event ug/l ug/l SWL0063 Insufficient Data
1 520 1 SWL0066 Insufficient Data
2 520 2.5
3 550 0.29
4 890 420
5 480
6 460 16 Event Evaluation
7 35 SWL0063 Insufficient Data
8 SWL0066 Insufficient Data
9
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TO: Erich Weaver FILE: 29500829.08  



FROM: Lily Bayati, Analytical Services Group SITE:  Del Amo - 2014  
    GW Sampling Event  
DATE:  November 17,  2014 
 
SUBJECT:  Summary of Data Validation for Eurofins/Calscience Reports: 14-09-0299, 14-09-0318, 



14-09-0438, 14-09-0439, 14-09-0538, 14-09-0539, 14-09-0656, 14-09-0657, 14-09-0756, 
14-09-0757, 14-09-0919, 14-09-0920, 14-09-1056, 14-09-2079, and 14-09-2095 



 
Introduction 
This report summarizes the findings of the data validation of 94 water samples (including eight field 
duplicates), 15 trip blanks, and 18 equipment blanks. These samples were collected September 4-25, 2014 
as part of the 2014 Groundwater (GW) Sampling Event at Del Amo Superfund Site. Eurofins/Calscience 
Laboratories in Garden Grove, California performed all analyzes. The samples are listed in Table 1 
included at the end of this document. The data were reviewed in accordance with URS Standard 
Operating Procedures, and the principles presented in USEPA National Functional Guidelines For 
Inorganics Superfund Data Review (EPA, 2010, 2014), and USEPA National Functional Guidelines for 
Superfund Organic Methods Data Review (EPA, 2008, 2014). 



Overall Assessment 
The data reported in these packages, as qualified, are considered to be usable for meeting project 
objectives. All results are considered to be valid; the analytical completeness defined as the ratio of the 
number of valid analytical results (valid analytical results include values qualified as estimated) to the 
total number of analytical results requested on samples submitted for analysis, for the project is 100%. 
Additionally, because all samples in this data set were collected and analyzed under similar prescribed 
conditions, the data within this set are considered to be comparable. 
 
1.0 Data Review Narratives 
Ninety-four (94) water samples, and 18 equipment blanks were collectively analyzed for volatile organic 
compounds (VOCs; EPA method 8260B), methane (RSK-175M), alkalinity (Standard method; SM 
2320B), nitrate, sulfate (EPA method 300.0), ferrous iron (SM 3500-FeB), carbon dioxide (SM 4500-
CO2D), manganese (EPA method 6010B); and one water sample was analyzed for gasoline range 
organics (GRO; EPA method 8015B modified). In addition, 15 trip blanks were analyzed for VOCs (EPA 
method 8260B). The laboratory data were reviewed to evaluate compliance with these methods and the 
quality of the data reported (EPA Superfund Stage 2A/2B validation).  Full validation including 
recalculation (EPA Superfund Stage 4A validation) was performed on more than 10% of the laboratory 
data.  The following summarizes the results of this review.  
 
The areas of review are listed below. A check mark () indicates an area of review in which all data were 
acceptable. A crossed circle (⊗) signifies areas where issues were raised during the course of the 
validation review and should be considered to determine any impact on data quality and usability. 



 
 Data Completeness 
⊗ Holding Times and Preservation 



Data Validation Memorandum 
2020 East First Street 
Santa Ana, CA 92705 
Telephone - (714) 835-6886 
Fax: (909) 980-1399 
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⊗ Calibrations (Full Validation) 
 Internal Standards (Full Validation)  
 GC/MS Instrument Performance Check Samples (Full Validation) 
⊗ Interference Check Samples; ICS (Full Validation) 
⊗ Blanks 
 System Monitoring Compounds (Surrogates) 
 Laboratory Control Samples (LCS) 
⊗ Matrix Spike/Matrix Spike Duplicate Samples (MS/MSD) 
 Field Duplicates 
 Laboratory Duplicates 
  Analyte Identification and Quantitation 
 
1.1 Data Completeness 



All analyses were performed as requested on the chain-of-custody records (COCs). The 
laboratory reported all requested analyses and the deliverable data reports were complete. 



 
1.2 Holding Times and Preservation 



All analyses were performed within the method-specified holding times with the exception 
listed in the following table. In addition, all samples were collected and preserved 
appropriately. 
 



Method Sample Analyte Date Sampled Date Prepared Date Analyzed Qualifier 
EPA 300.0 GWS2441 Nitrate 9/8/14 9/10/14 9/10/14 J 



Note: Initial analysis was within holding time. However, due to required dilution, sample was re-analyzed outside 
of holding time. 
 



1.3 Calibration (Full Validation) 
  
1.3.1 Initial Calibration (IC) 



Appropriate initial calibrations were performed for each analyte for each method.  
Compliance requirements for each method were met and did not require data 
qualification with the following exception.  
 



Method/ IC Date  Analyte Qualified Sample(s) Qualifier 
EPA 8260B 8/30/14  trans-1,3-Dichloropropene GWS2432, GWS2457, GWS2489 



GWS2459, GWS2436, GWS2408 
GWS2458, GWS2472, GWS2446 
GWS2468, GWS2443, GWS2471 



UJ/J 



 
1.3.2 Initial Calibration Verification, Continuing Calibration Verification (ICV, CCV)  



The acceptance criteria for all ICVs and CCVs were met or did not require qualification 
with the following exception.  
 
Method / CCV Date  Analyte Qualified Sample(s) Qualifier 
EPA 8260B 9/5/14  Bromomethane GWS2432, GWS2457, GWS2489 



GWS2459, GWS2436, GWS2408 
GWS2458, GWS2472, GWS2446 
GWS2468, GWS2443, GWS2471 



UJ/J 



 
1.3.3 Initial Calibration Blanks, Continuing Calibration Blanks (ICB, CCB) 



Manganese was not detected in the ICBs and CCBs. 
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1.4 Internal Standards (Full Validation) 
All internal standard retention times were within ±30 seconds of the associated continuing 
calibration internal standard retention time.  All internal standard area counts were within the 
acceptance criteria (>50% and <200%) of the associated continuing calibrations internal 
standard area counts. 
 



1.5 GC/MS Instrument Performance Check Samples (Full Validation) 
Compliance requirements for instrument performance check samples were met for EPA 
8260B.   
  



1.6 Interference Check Samples; ICS (Full Validation) 
ICSs were analyzed at the proper frequency and location during the analytical runs for the 
manganese analyses. All ICS results met acceptance criteria with the following exception. 
For samples GWS2436 and GWS2414, ICS A value was above acceptance criteria. 
Consequently, the results for manganese for these samples were qualified as estimated (J+).  
 



1.7 Blanks 
Method blanks were analyzed at the proper frequency for the number and types of samples 
analyzed. Target analytes were either not detected in the associated method blanks, trip 
blanks, and equipment blanks or did not require data qualification with the following 
exceptions. 
 



Method Blank Analyte Concentration Qualified Samples Qualifier 
RSK-175M FBS2045 Methane 0.073 ug/L GWW2452 U 



FBS2041 Methane 0.069 ug/L GWS2438 
FBS2042 Methane 0.064 ug/L GWS2441 
FBS2060 Methane 0.40 ug/L GWS2462 
FBS2061 Methane 0.078 ug/L GWS2416 



EPA 8260B FBS2061 Benzene 0.21 ug/L GWS2434, GWS2496 
Note:   FBS = Equipment Blank  



 
1.8 System Monitoring Compounds (Surrogates) 



Appropriate numbers of surrogate compounds were spiked into each sample for the EPA 
8260B, and 8015B analyses. All surrogate compound recoveries were within the laboratory’s 
statistically determined acceptance ranges. 
 



1.9 Laboratory Control Samples (LCS) 
LCSs were prepared and analyzed at the proper frequency for each analysis. All LCS and 
LCS duplicate (LCSD) recoveries reported and relative percent differences (RPDs) between 
the results (for applicable analytical batches) were within the laboratory’s statistically 
determined acceptance ranges. These LCS results indicate that the level of accuracy 
demonstrated by the analytical method with respect to a clean sample matrix is acceptable. 
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1.10 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 
Several project samples were utilized for the MS/MSD analyses. The average recoveries of 
all MS/MSDs reported and the RPDs between the results were either within the laboratory’s 
statistically determined acceptance ranges or did not require qualification with the following 
exceptions. 
 



Method Sample Analyte Average 
Recovery 



RPD Qualified Samples Qualifier 



EPA 8260B GWS2484 
 



Trichloroethene 55%* 3 GWS2484, GWS2488, GWS2414 
GWS2482, GWS2452  



UJ/J 



EPA 6010B GWS2445 Manganese  84.5%* 
 



5 GWS2466, GWS2498 
GWS2454, GWS2445, GWS2415 



Notes:  * Outlier 



 
1.11 Field Duplicates 



The following samples were submitted to the laboratory as field duplicate pairs.  
 



Primary Sample Field  Duplicate 
GWS2473 GWS2501 
GWS2494 GWS2425 
GWS2435 GWS2497 
GWS2466 GWS2498 
GWS2426 GWS2495 
GWS2485 GWS2499 
GWS2450 GWS2500 
GWS2412 GWS2493 



 
Acceptable field and analytical precision was demonstrated for all analytes for all field 
duplicate pairs. 
 



1.12 Laboratory Duplicates 
Acceptable analytical precision was demonstrated for all laboratory duplicate analyses. 



 
1.13 Target Analyte Identification and Quantitation (Full Validation) 



All analytes reported and the reporting limits obtained comply with project specifications. All 
dilutions were appropriate. In addition, this data review process included result recalculation 
and transcription error checking from the raw data for more than 10% of the data. All results 
checked were confirmed.  
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2432 14-09-0299 14-09-0299-1 9/4/14 EPA 8260B 



GWS2457 14-09-0299 14-09-0299-2 9/4/14 EPA 8260B 



GWS2489 14-09-0299 14-09-0299-3 9/4/14 EPA 8260B 



GWS2459 14-09-0299 14-09-0299-4 9/4/14 EPA 8260B 



GWS2436 14-09-0299 14-09-0299-5 9/4/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2408 14-09-0299 14-09-0299-6 9/4/14 EPA 8260B 



FBS2023 
(Trip Blank) 



14-09-0299 14-09-0299-7 9/4/14 EPA 8260B 



FBS2038 
(Equipment Blank) 



14-09-0299 14-09-0299-8 9/4/14 EPA 8260B 



FBS2022 
(Trip Blank) 



14-09-0318 14-09-0318-1 9/4/14 EPA 8260B 



GWS2458 14-09-0318 14-09-0318-2 9/4/14 EPA 8260B 



GWS2472 14-09-0318 14-09-0318-3 9/4/14 EPA 8260B 



GWS2446 14-09-0318 14-09-0318-4 9/4/14 EPA 8260B 



GWS2468 14-09-0318 14-09-0318-5 9/4/14 EPA 8260B 



GWS2443 14-09-0318 14-09-0318-6 9/4/14 EPA 8260B 



GWS2471 14-09-0318 14-09-0318-7 9/4/14 EPA 8260B 



FBS2037 
(Equipment Blank) 



14-09-0318 14-09-0318-8 9/4/14 EPA 8260B 



FBS2025 
(Trip Blank) 



14-09-0438 14-09-0438-1 9/5/14 EPA 8260B 



GWS2479 14-09-0438 14-09-0438-2 9/5/14 EPA 8260B 



GWS2467 14-09-0438 14-09-0438-3 9/5/14 EPA 8260B 



GWS2470 14-09-0438 14-09-0438-4 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2473 14-09-0438 14-09-0438-5 9/5/14 EPA 8260B 



GWS2501 
(Field Duplicate of GWS2473) 



14-09-0438 14-09-0438-6 9/5/14 EPA 8260B 



GWS2428 14-09-0438 14-09-0438-7 9/5/14 EPA 8260B 



FBS2040 
(Equipment Blank) 



14-09-0438 14-09-0438-8 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2024 
(Trip Blank) 



14-09-0439 14-09-0439-1 9/5/14 EPA 8260B 



GWS2484 14-09-0439 14-09-0439-2 9/5/14 EPA 8260B 



GWS2488 14-09-0439 14-09-0439-3 9/5/14 EPA 8260B 



GWS2414 14-09-0439 14-09-0439-4 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2045 
(Equipment Blank) 



14-09-0439 14-09-0439-5 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2039 
(Equipment Blank) 



14-09-0439 14-09-0439-6 9/5/14 EPA 8260B 



GWS2482 14-09-0439 14-09-0439-7 9/5/14 EPA 8260B 



GWS2452 14-09-0439 14-09-0439-8 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2027 
(Trip Blank) 



14-09-0538 14-09-0538-1 9/8/14 EPA 8260B 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2409 14-09-0538 14-09-0538-2 9/8/14 EPA 8260B 



GWS2410 14-09-0538 14-09-0538-3 9/8/14 EPA 8260B 



GWS2421 14-09-0538 14-09-0538-4 9/8/14 EPA 8260B 



GWS2422 14-09-0538 14-09-0538-5 9/8/14 EPA 8260B 



GWS2438 14-09-0538 14-09-0538-6 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2430 14-09-0538 14-09-0538-7 9/8/14 EPA 8260B 



FBS2046 
(Equipment Blank) 



14-09-0538 14-09-0538-8 9/8/14 EPA 8260B 



FBS2041 
(Equipment Blank) 



14-09-0538 14-09-0538-9 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2026 
(Trip Blank) 



14-09-0539 15-09-0539-1 9/8/14 EPA 8260B 



GWS2429 14-09-0539 15-09-0539-2 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2453 14-09-0539 15-09-0539-3 9/8/14 EPA 8260B 



GWS2494 14-09-0539 15-09-0539-4 9/8/14 EPA 8260B 



GWS2425 
(Field Duplicate of GWS2494) 



14-09-0539 15-09-0539-5 9/8/14 EPA 8260B 



GWS2437 14-09-0539 15-09-0539-6 9/8/14 EPA 8260B 



GWS2441 14-09-0539 15-09-0539-7 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2481 14-09-0539 15-09-0539-8 9/8/14 EPA 8260B 



GWS2423 14-09-0539 15-09-0539-9 9/8/14 EPA 8260B 



FBS2042 
(Equipment Blank) 



14-09-0539 15-09-0539-10 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2028 
(Trip Blank) 



14-09-0656 14-09-0656-1 9/9/14 EPA 8260B 



GWS2502 14-09-0656 14-09-0656-2 9/9/14 EPA 8260B 



GWS2460 14-09-0656 14-09-0656-3 9/9/14 EPA 8260B 



GWS2476 14-09-0656 14-09-0656-4 9/9/14 EPA 8260B 



GWS2480 14-09-0656 14-09-0656-5 9/9/14 EPA 8260B 



GWS2483 14-09-0656 14-09-0656-6 9/9/14 EPA 8260B 



GWS2492 14-09-0656 14-09-0656-7 9/9/14 EPA 8260B 



FBS2044 
(Equipment Blank) 



14-09-0656 14-09-0656-8 9/9/14 EPA 8260B 



FBS2029 
(Trip Blank) 



14-09-0657 14-09-0657-1 9/9/14 EPA 8260B 



GWS2442 14-09-0657 14-09-0657-2 9/9/14 EPA 8260B 



GWS2439 14-09-0657 14-09-0657-3 9/9/14 EPA 8260B 



GWS2474 14-09-0657 14-09-0657-4 9/9/14 EPA 8260B 



GWS2435 14-09-0657 14-09-0657-5 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2497 
(Field Duplicate of GWS2435) 



14-09-0657 14-09-0657-6 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2449 14-09-0657 14-09-0657-7 9/9/14 EPA 8260B 



GWS2431 14-09-0657 14-09-0657-8 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
FBS2043 



(Equipment Blank) 
14-09-0657 14-09-0657-9 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 



SM 4500-CO2D, 2320B, 3500-FeB 



FBS2031 
(Trip Blank) 



14-09-0756 14-09-0756-1 9/10/14 EPA 8260B 



GWS2486 14-09-0756 14-09-0756-2 9/10/14 EPA 8260B 



GWS2440 14-09-0756 14-09-0756-3 9/10/14 EPA 8260B 



GWS2418 14-09-0756 14-09-0756-4 9/10/14 EPA 8260B 



GWS2455 14-09-0756 14-09-0756-5 9/10/14 EPA 8260B 



GWS2478 14-09-0756 14-09-0756-6 9/10/14 EPA 8260B 



GWS2448 14-09-0756 14-09-0756-7 9/10/14 EPA 8260B 



GWS2487 14-09-0756 14-09-0756-8 9/10/14 EPA 8260B 



FBS2048 
(trip Blank) 



14-09-0756 14-09-0756-9 9/10/14 EPA 8260B 



FBS2049 
(Equipment Blank) 



14-09-0756 14-09-0756-10 9/10/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2030 
(Trip Blank) 



14-09-0757 14-09-0757-1 9/10/14 EPA 8260B 



GWS2469 14-09-0757 14-09-0757-2 9/10/14 EPA 8260B 



GWS2424 14-09-0757 14-09-0757-3 9/10/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2444 14-09-0757 14-09-0757-4 9/10/14 EPA 8260B 



GWS2417 14-09-0757 14-09-0757-5 9/10/14 EPA 8260B 



GWS2411 14-09-0757 14-09-0757-6 9/10/14 EPA 8260B 



GWS2491 14-09-0757 14-09-0757-7 9/10/14 EPA 8260B 



FBS2047 
(Equipment Blank) 



14-09-0757 14-09-0757-8 9/10/14 EPA 8260B 



FBS2033 
(Trip Blank) 



14-09-0919 14-09-0919-1 9/11/14 EPA 8260B 



GWS2451 14-09-0919 14-09-0919-2 9/11/14 EPA 8260B 



GWS2413 14-09-0919 14-09-0919-3 9/11/14 EPA 8260B 



GWS2463 14-09-0919 14-09-0919-4 9/11/14 EPA 8260B 



GWS2466 14-09-0919 14-09-0919-5 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2498 
(Field Duplicate of GWS2466) 



14-09-0919 14-09-0919-6 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2426 14-09-0919 14-09-0919-7 9/11/14 EPA 8260B 



GWS2495 
(Field Duplicate of GWS2426) 



14-09-0919 14-09-0919-8 9/11/14 EPA 8260B 



GWS2420 14-09-0919 14-09-0919-9 9/11/14 EPA 8260B 



FBS2050 
(Equipment Blank) 



14-09-0919 14-09-0919-10 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2032 
(Trip Blank) 



14-09-0920 14-09-0920-1 9/11/14 EPA 8260B 



GWS2454 14-09-0920 14-09-0920-2 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2485 14-09-0920 14-09-0920-3 9/11/14 EPA 8260B 



GWS2499 
(Field Duplicate of GWS2485) 



14-09-0920 14-09-0920-4 9/11/14 EPA 8260B 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2445 14-09-0920 14-09-0920-5 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 



SM 4500-CO2D, 2320B, 3500-FeB 



GWS2447 14-09-0920 14-09-0920-6 9/11/14 EPA 8260B 



GWS2415 14-09-0920 14-09-0920-7 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2450 14-09-0920 14-09-0920-8 9/11/14 EPA 8260B 



GWS2500 
(Field Duplicate of GWS2450) 



14-09-0920 14-09-0920-9 9/11/14 EPA 8260B 



FBS2051 
(Equipment Blank) 



14-09-0920 14-09-0920-10 9/11/14 EPA 8260B 



FBS2036 
(Trip Blank) 



14-09-1056 14-09-1056-1 9/12/14 EPA 8260B 



GWS2427 14-09-1056 14-09-1056-2 9/12/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2052 
(Equipment Blank) 



14-09-1056 14-09-1056-3 9/12/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2034 
(Trip Blank) 



14-09-2079 14-09-2079-1 9/25/14 EPA 8260B 



GWS2433 14-09-2079 14-09-2079-2 9/25/14 EPA 8260B 



GWS2462 14-09-2079 14-09-2079-3 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2490 14-09-2079 14-09-2079-4 9/25/14 EPA 8260B 



GWS2477 14-09-2079 14-09-2079-5 9/25/14 EPA 8260B 



GWS2456 14-09-2079 14-09-2079-6 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2475 14-09-2079 14-09-2079-7 9/25/14 EPA 8260B 



FBS2060 
(Equipment Blank) 



14-09-2079 14-09-2079-8 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2035 
(Trip Blank) 



14-09-2095 14-09-2095-1 9/25/14 EPA 8260B 



GWS2412 14-09-2095 14-09-2095-2 9/25/14 EPA 8260B 



GWS2493 
(Field Duplicate of GWS2412) 



14-09-2095 14-09-2095-3 9/25/14 EPA 8260B 



GWS2416 14-09-2095 14-09-2095-4 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2464 14-09-2095 14-09-2095-5 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2434 14-09-2095 14-09-2095-6 9/25/14 EPA 8260B 



GWS2496 14-09-2095 14-09-2095-7 9/25/14 EPA 8260B 



GWS2465 14-09-2095 14-09-2095-8 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2061 
(Equipment Blank) 



14-09-2095 14-09-2095-9 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



IWS0278 14-09-2095 14-09-2095-10 9/25/14 EPA 8260B 



SDG: Sample Delivery Group 
EPA 8260B:  Volatile Organic Compounds (VOCs)   EPA 6010B: Manganese 
EPA 300.0: Nitrate, Sulfate    EPA 8015B: Gasoline Range Organics    
RSK-175M: Methane    SM 3500-FeB: Ferrous Iron 
SM4500-CO2D: Carbon Dioxide    SM 2320:  Alkalinity 
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ATTACHMENT A 
DATA VALIDATION QUALIFIER DEFINITIONS AND INTERPRETATION KEY 



Assigned by URS Data Review Team 
 



DATA QUALIFIER DEFINITIONS FOR ORGANIC ANALYES 
U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
J The analyte was positively identified; the associated numerical value is the approximate concentration of the 



analyte in the sample. 
J+ The result is an estimated quantity, but the result may be biased high.  
J- The result is an estimated quantity, but the result may be biased low.  
 UJ The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation 



limit is approximate and may or may not represent the actual limit of quantitation necessary to accurately and 
precisely measure the analyte in the sample. 



R The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet quality 
control criteria.  The presence or absence of the analyte cannot be verified. 
 
DATA QUALIFIER DEFINITIONS FOR INORGANIC ANALYSES 



U The analyte was analyzed for, but was not detected above the level of the reported sample quantitation limit. 
J The result is an estimated quantity. The associated numerical value is the approximate concentration of the 



analyte in the sample. 
J+ The result is an estimated quantity, but the result may be biased high. 
J- The result is an estimated quantity, but the result may be biased low. 
UJ The analyte was analyzed for, but was not detected. The reported sample quantitation limit is approximate and 



may be inaccurate or imprecise. 
R The data are unusable. The sample results are rejected due to serious deficiencies in meeting quality control 



(QC) criteria.  The analyte may or may not be present in the sample. 
 URS DATA QUALIFIER DEFINITIONS — REASON CODE DEFINITIONS 
a Analytical sequence deficiency or omission. 
b Gross compound breakdown (4,4'-DDT/Endrin). 
c Calibration failure; poor or unstable response. 
d Laboratory duplicate imprecision. 
e Laboratory duplicate control sample imprecision. 
f Field duplicate imprecision. 
g Poor chromatography. 
h Holding time violation. 
i Internal standard failure. 
j Poor mass spectrographic performance. 
k Serial dilution imprecision. 
l Laboratory control sample recovery failure. 
m Matrix spike/matrix spike duplicate recovery failure. 
n Interference check sample recovery failure. 
o Calibration blank contamination (metals/inorganics only). 
p Preparation blank contamination (metals/inorganics only). 
q Quantitation outside linear range.      
r Linearity failure in initial calibration. 
s Surrogate spike recovery failure  
 (GC organics and GC/MS organics only). 
t Instrument tuning failure. 
u No valid confirmation column (GC Organics only). 
v Value is estimated below the MDA (Rads only). 
w Retention time (RT) outside of RT window. 
x Field blank contamination. 
y Trip blank contamination. 
z Method blank contamination. 



INTERPRETATION KEY 
The following example shows how an 
analytical result which includes qualifiers 
assigned by both the URS data review team 
and the analytical laboratory could be 
displayed in the data tables: 
 



<5.20 Uz | JB 
 



The qualifier assigned by the URS data review 
team precedes the “|”; the qualifier assigned 
by the laboratory follows it.  In this example, 
the result is qualified as a non-detection data 
to the bias introduced by contamination of the 
associated method blank.  Presence of the 
analyte in the method blank is indicated by 
the laboratory qualifier (B).  The qualifier 
assigned by the URS data review team (Uz) 
indicates that the analyte concentration is 
considered to be below the adjusted detection 
limit (quantitation limit) based on the level of 
contamination in the method blank. 
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Figure 11
Biodegradation Indicators Along Water Table Zone Transect 1  



2014 Baseline Groundwater Monitoring Report



0
2
4
6
8



10
12
14
16



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Ferrous Iron (Fe++)



0.000
0.001
0.002
0.003
0.004
0.005
0.006
0.007



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Methane



ND ND



0.00



0.10



0.20



0.30



0.40



0.50



0.60



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Nitrate (as N)



ND



0



20



40



60



80



100



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Sulfate



0



0.2



0.4



0.6



0.8



1



1.2



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Dissolved Oxygen



-200



-100



0



SWL0038 SWL0004 XMW-21



M
ill



iv
ol



ts



Oxidation-Reduction Potential



0



200



400



600



800



1000



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Total Alkalinity (as CaCO3)



ND



ND



Outside of Plume
(North)



Edge of Plume
(Southeast)Mid‐Plume



Outside of Plume
(North)



Edge of Plume
(Southeast)Mid‐Plume



0
50



100
150
200
250
300
350
400



SWL0038 SWL0004 XMW-21



C
on



ce
nt



ra
tio



n 
(m



g/
L)



Carbon Dioxide



\\URSSantaBarbara\SantaBarbara\Projects\28906070 Del Amo Parent Job\600 DLVR\601 ‐ URS (or DM) Prepared\2014 Baseline Groundwater Monitoring Report\Biodegredation Graphs\Del Amo Biodegradation Transects 12032014.xlsx











Figure 12
Biodegradation Indicators Along Water Table Zone Transect 2  
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Figure 13
Biodegradation Indicators Along Water Table Zone Transect 3  
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Figure 14
Biodegradation Indicators Along Water Table Zone Transect 4  
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Indicates cross gradient well
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EXECUTIVE SUMMARY 
 
Presented in this document are the results of 2014 Baseline Groundwater Monitoring Event 
completed in September 2014 for the Del Amo portion of the Dual Groundwater Operable Unit 
Site (hereafter referred to as “the Site”). Activities were conducted in accordance with the 
Monitoring and Aquifer Compliance Plan (MACP) submitted to the U.S. Environmental 
Protection Agency (USEPA) on September 5, 2014.  The monitoring program is being conducted 
to generate groundwater elevation and laboratory analytical data by which to evaluate the extent 
of the contaminant plume associated with the Site and confirm that biodegradation and 
containment of the plume is occurring. 
 
The Del Amo Superfund Site is a former synthetic rubber plant that was located on 
approximately 280 acres near the intersection of the 405 and 110 freeways in the Harbor 
Gateway portion of Los Angeles, California. The Site and the neighboring Montrose Superfund 
site to the west have unrelated histories.  USEPA has defined groundwater across the two 
superfund sites as a Dual Site. 
 
Benzene and ethylbenzene are the groundwater constituents of concern (COC) associated with 
the Site, although the Site is not the sole source of these COCs in the vicinity. Groundwater 
COCs associated with the Montrose Superfund site include chlorobenzene, DDT, para-
chlorobenzene sulfonic acid (pCBSA), and benzene, while other sites in the vicinity are sources 
of trichloroethene (TCE), and tetrachloroethene (PCE).  
 
The USEPA designated a TI-Waiver Zone in the Dual Site Record of Decision (ROD) where 
remediation of groundwater to in-situ groundwater standards is not required. In the vicinity of 
the Site, the extent of the TI-Waiver zone was based on the known extent of the benzene plume 
at that time. The benzene plume remedy, as outlined in the ROD, consists primarily of monitored 
intrinsic biodegradation. The remedy for the chlorobenzene plume associated with the Montrose 
site is hydraulic extraction, which includes a system of extraction wells, groundwater treatment 
facilities, injection wells and associated piping, collectively referred to as the Torrance 
Groundwater Remediation System (TGRS).  
 
The following observations are presented based on the data gathered during the 2014 Baseline 
Groundwater Monitoring Event: 
 



• Groundwater elevations in all hydrostratigraphic units decreased by an average of 0.57 
feet since the previous monitoring event in 2012.  This drop in water levels is in contrast 
to the long-term trend of rising groundwater levels in the Dual Site vicinity. 



• The groundwater flow direction and average hydraulic gradient for the four water-bearing 
units are generally consistent with historical data. 



• Water table data confirmed the following: 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       v 



o Non-Aqueous Phase Liquid (NAPL) has historically been present in the Site 
Water Table wells XMW-20, SWL0001 and MBFB well SWL0032, which are all 
located near the western Site boundary. NAPL was observed in well SWL0032 
during the recent monitoring event (monitor wells XMW-20 and SWL0001 were 
not gauged during this monitoring event).  



o NAPL was detected at well PZL019 during the recent monitoring event. Well 
PZL019 is located in the western end of the Waste Pits OU and NAPL had not 
previously been observed in this well.   



o The dissolved benzene distribution is generally consistent with historical data 
although a reduction in concentrations and distribution is evident at the Waste Pits 
OU.  Based on review of chlorobenzene analytical laboratory results, the 
dissolved benzene concentrations observed in the southwest corner of the Site and 
on the Montrose site are not associated with historical Site operations. 



o Dissolved benzene known to be associated with the Site is entirely within the TI-
Waiver Zone. The origin of benzene detected at well PZL0005 in the northeast 
corner in 2008 (17 µg/l) is unknown, but may originate from off-site given the 
southwesterly direction of groundwater flow in this area.  Benzene was not 
detected at this location in any previous monitoring events and the anomalous 
result from 2008 will be further evaluated by sampling this well during the 6-
month after TGRS start-up sampling event.  



o Mann-Kendall statistical analysis identified 13 wells with a trend of decreasing 
benzene concentrations through time and no wells with a trend of increasing 
concentrations.  Additionally, benzene was not detected or detected at 
concentrations less than the MCL (< 1 µg/l) at 32 of the 47 wells sampled.  Based 
on these findings, the dissolved benzene plume is stable to decreasing. 



o Biodegradation indicators confirmed that both aerobic and anaerobic 
biodegradation processes are occurring. These data combined with the dissolved 
benzene concentration trends confirm that the monitored intrinsic biodegradation 
remedial approach identified in the ROD is appropriate. 



• MBFB data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data and 



the dissolved benzene plume is entirely within the TI-Waiver Zone.  Based on 
review of chlorobenzene analytical laboratory results, the dissolved benzene 
concentrations observed in the southwest corner of the Site and on the Montrose 
site are not associated with historical Site operations. 



o Mann-Kendall statistical analysis identified no wells with a trend of decreasing 
benzene concentrations through time, and one well with a trend of increasing 
benzene concentrations.  Benzene was not detected or detected at concentrations 
below the MCL (< 1 µg/l) at 12 of the 15 wells sampled.  Based on this finding, 
the dissolved benzene plume is stable to decreasing. 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       vi 



o Biodegradation indicators confirmed that both aerobic and anaerobic 
biodegradation processes are occurring. These data combined with the dissolved 
benzene concentration trends confirm that the monitored intrinsic biodegradation 
remedial approach identified in the ROD is appropriate. 



• MBFC Sand data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data. 



Dissolved benzene concentrations tend to be lower than in the overlying water 
table and MBFB water-bearing units, and the dissolved benzene plume associated 
with the Site is entirely within the TI-Waiver Zone.  Based on review of 
chlorobenzene analytical laboratory results, the dissolved benzene concentrations 
in the southwest corner of the Site and on the Montrose site are associated with 
historical Montrose operations and not historical Site operations. 



o Mann-Kendall statistical analysis identified two wells with a trend of decreasing 
benzene concentrations through time and no wells with a trend of increasing 
benzene concentrations. Benzene was not detected or detected at concentrations 
less than the MCL (< 1 µg/l) at 10 of the 16 wells sampled.  Based on these 
findings, the dissolved benzene plume is stable to decreasing. 



• Gage Aquifer data confirmed the following: 
o The dissolved benzene distribution is generally consistent with historical data. 



The dissolved benzene concentrations and distribution are generally lower than in 
the overlying water table, MBFB and MBFC units.  Based on review of 
chlorobenzene analytical laboratory results, the dissolved benzene concentrations 
observed in the southwest corner of the Site and on the Montrose site are not 
associated with historical Site operations. 



o Wells SWL0066 and SWL0063 were not constructed until after the ROD was 
completed; therefore, the dissolved benzene plume associated with these wells is 
located outside of the TI-Waiver Zone indicated in the ROD.  However, the extent 
of the plume is limited and future analytical laboratory testing will be utilized to 
monitor the benzene concentration trends and extent of the plume. 



o Mann-Kendall statistical analysis did not identify any wells with trends of either 
increasing or decreasing benzene concentrations through time.  Benzene was not 
detected or detected at concentrations less than the MCL (< 1 µg/l) at 3 of the 5 
wells sampled.  Based on this analysis/data, the dissolved benzene plume is stable 
to decreasing  
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Based on the findings summarized above, the following recommendations are made:  



 
 



HSU Well Recommendation Rationale 



Water 
Table 



PZL0002 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 
PZL0003 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0004 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0005 Gauge and sample 
well in 6-month event 



Further evaluate anomalous benzene detection in 2008 sampling event 



PZL0008 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0017 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0019 Continue gauging NAPL present 



SWL0012 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0028 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0039 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0049 Transfer to Montrose Not necessary for monitoring of Del Amo benzene plume 



SWL0057 Destroy well Established history of benzene concentrations below the MCL 



MBFB 



SWL0011 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0019 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0052 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0056 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



MBFC 
SWL0014 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0033 Transfer to Montrose Contaminants present not associated with Del Amo Site 



LBF SWL0043 Destroy well Not screened in major HSU; no history of benzene concentrations in excess of MCL 



Gage 



SWL0031 Previously destroyed 
by PACCAR 



  



SWL0034 Transfer to Montrose Contaminants present not associated with Del Amo Site 



SWL0067 Transfer to TCE 
parties 



Established history of benzene concentrations below the MCL; TCE present not 
associated with Del Amo Site 
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1.0 INTRODUCTION AND BACKGROUND 
 
Presented in this document are the results of groundwater monitoring completed in September 
2014 for the Del Amo Superfund Site (hereafter referred to as “the Site”). The groundwater 
monitoring was conducted in accordance with the Monitoring and Aquifer Compliance Plan 
(MACP) prepared by URS on behalf of Shell Oil Company (URS, 2014) and submitted to the 
U.S. Environmental Protection Agency on September 5, 2014. Both the monitoring event and the 
MACP were completed in response to USEPA requests pending negotiation and execution of a 
Consent Decree for operation and maintenance of the groundwater remedy specified in USEPA’s 
1999 Record of Decision (ROD) for the Dual Site Groundwater Operable Unit (OU), Montrose 
Chemical and Del Amo Superfund sites. A separate MACP and monitoring event were 
completed for the Montrose Superfund Site by AECOM.  
 
The 2014 Baseline Groundwater Monitoring Event focused on the measurement of groundwater 
levels and the collection of groundwater samples for laboratory analysis. The field work 
described herein was conducted contemporaneously with similar groundwater monitoring efforts 
completed for the Montrose site and other nearby sites by other consultants.  
 
The Site is a former synthetic rubber plant that was located on approximately 280 acres near the 
intersection of the 405 and 110 freeways in the Harbor Gateway portion of Los Angeles, 
California (Figure 1). The Del Amo and Montrose Superfund sites have unrelated histories but 
have historically been considered a Dual Site by USEPA with respect to the Groundwater OU 
and associated remedial design investigations.  
 
Benzene is the principal groundwater constituent of concern (COCs)  associated with the Site, 
although the Site is not the sole source of benzene in the vicinity. Groundwater COCs associated 
with the Montrose Superfund site include chlorobenzene, DDT, para-chlorobenzene sulfonic acid 
(pCBSA) and benzene. Multiple groundwater contamination sources are present in the vicinity of 
the Dual Site, some of which are unrelated to either the Del Amo or Montrose sites and are 
associated with releases of trichloroethene (TCE), and tetrachloroethene (PCE).  
 
USEPA designated a technical impracticability zone (TI-Waiver Zone; also referred to as the 
containment zone) in the Dual Site ROD where remediation of groundwater to in-situ 
groundwater standards is not required. In the vicinity of the Site, the TI-Waiver Zone was based 
on the known extent of the benzene plume at the time the ROD was written.  
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2.0 PURPOSE AND SCOPE 
 
2.1 PURPOSE 
 
The MACP includes baseline, 6-month, 1-year, year 2+ annual, and 5-year groundwater 
monitoring events. The objective of the baseline event is to establish groundwater conditions 
prior to start-up of the Montrose TGRS. The 6-month and 1-year events are one-time events to 
evaluate changes in conditions in the initial period following start-up of the treatment system. 
The subsequent year 2+ annual events have a reduced scope, and are intended to provide 
longer term confirmation of plume containment, while the 5-year event provides a more 
comprehensive check on remedy performance. Based on these objectives, the baseline and 5-
year events are very similar in scope, as are the 6-month and 1-year events. The monitoring 
program for each event is summarized in Table 1. 
 
The MACP is evergreen and based on potential changes in hydraulic gradients, COC 
concentration distribution, and biodegradation indicator results, modifications to the testing 
program included in the MACP may be required in the future. 
 
The monitoring program is being conducted to generate groundwater elevation and laboratory 
analytical data by which to evaluate the extent of the COC plume associated with the Site and 
confirm that biodegradation and containment of the plume is occurring. ROD requirements 
pertaining to the MACP and the Site include the following: 
 



• Collection of groundwater elevation data sufficient to generate elevation contour maps, 
evaluate hydraulic gradients, determine flow velocities and evaluate the effect of 
hydraulic extraction for the affected hydrostratigraphic units; 



• Evaluation of the lateral and vertical distribution and movement of COCs, particularly 
with respect to benzene; and 



• Confirmation that COCs have not migrated outside the TI-Waiver Zone and that intrinsic 
biodegradation remains a reliable method for containment of the Site benzene plume. 



 
2.2 SCOPE 
 
The Baseline Groundwater Monitoring Event was completed to establish groundwater conditions 
in the vicinity of the Site prior to the start-up of the Montrose TGRS. The following tasks were 
completed as part of the investigation: 
 



• Measurement of groundwater levels at 88 monitoring wells; 
• Purging, field parameter measurement, and collection of groundwater samples at 85 



monitoring wells; 
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• Laboratory analysis of groundwater samples from 85 wells for volatile organic 
compounds (VOCs); 



• Laboratory analysis of groundwater samples from 20 wells for tertiary butyl alcohol 
(TBA); 



• Laboratory analysis of groundwater samples from 21 wells for biodegradation indicators; 
• Laboratory analysis of Quality Assurance/Quality Control (QA/QC) samples to aid in 



subsequent evaluation of data quality; and 
• Evaluation of the data and preparation of this report. 



 
Monitoring wells included in the Baseline Groundwater Monitoring Event are listed in Table 1 
along with their location-specific scope and analytical program. 
 
Field activities were completed in general accordance with the previously prepared and USEPA-
approved Field Sampling Plan and Quality Assurance Project Plan (URS, 2004). Further details 
regarding the completed scope of work and results are provided in Sections 4, 5, and 6.  
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3.0 HYDROSTRATIGRAPHY REVIEW 
 
The subsurface in the vicinity of the Dual Site OU includes the Bellflower Aquitard and the 
underlying Gage and Lynwood aquifers. The Bellflower Aquitard is subdivided into the Upper 
Bellflower (UBF), Middle Bellflower B Sand (MBFB), Middle Bellflower Mud (MBFM), 
Middle Bellflower C Sand (MBFC), and the Lower Bellflower Aquitard (LBF). A schematic 
diagram showing the relative positions of the hydrostratigraphic units is presented on Figure 2.  
  
The Site monitoring well network targets the primary water-bearing units which are limited to 
the UBF, MBFB, MBFC and the Gage Aquifer. The upper most hydrostratigraphic unit is the 
UBF, with an average thickness of 74 feet in the Site vicinity. This unit consists of laminated to 
massive muds up to 30 feet thick with local discontinuous sands and fossiliferous zones. The 
MBFB is a fine sand with minor muddy layers and laminations. This unit is present only in the 
western portion of the Site and has an average thickness of 15 feet that tapers out toward the 
central portion of the Site. The MBFC is a thick body of fine to medium sand with local muddy 
layers and lenses with an average thickness of approximately 43 feet. The MBFB and MBFC are 
merged over a significant portion of the Site (i.e. the intervening MBFM is not always present). 
The Gage aquifer averages 66 feet thick, consisting of massive to cross-stratified clean sands and 
a distinctive fossiliferous layer. 
 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       5 



4.0 GROUNDWATER ELEVATIONS AND FLOW 
 
Groundwater level measurements for the Site were generally completed between September 2 
and 4, 2014 using an electronic water level indicator or interface probe. Measurements for eight 
wells were completed on September 9 and 25, 2014 due to a delay in gaining property access. 
Depth to groundwater measurements were converted to groundwater elevations relative to mean 
sea level (MSL) using surveyed elevations for fixed measuring points at each monitoring 
location. Groundwater elevation data are presented in Table 2 and include data generated by 
other investigators for the Montrose site, as well as historical groundwater elevation data for 
comparison. Groundwater elevations in all hydrostratigraphic units decreased by an average of 
0.57 feet since the previous monitoring event in 2012.  This drop in water levels is in contrast to 
the long-term trend of rising groundwater levels in the Site vicinity. The data for each 
hydrostratigraphic unit are further discussed below. 
 
Due to the east-northeasterly inclination of the hydrostratigraphic units, the Water Table is 
present in the UBF over most of the Site but in the MBFB further west (Figure 2). For 
presentation purposes, groundwater elevations and dissolved benzene plumes are presented with 
respect to the Water Table, MBFB, MBFC and Gage Aquifer and the Water Table and MBFB 
units are therefore identical in the western portion of the Site and further west.  
 
4.1 WATER TABLE 
 
Figure 3 presents interpretive groundwater elevation contours for the Water Table during the 
recent monitoring event. Water Table elevations within the Site ranged from a high of -8.56 feet 
MSL at well SWL0038 in the northwest corner, to a low of -10.57 feet MSL at well XMW-28, 
near the southwest corner. Water Table elevations were on average approximately 0.60 feet 
lower than those for the previous monitoring event in 2012. 
 
The water table flow direction is generally southwesterly at an average gradient of 0.0006, but is 
highly variable. The average flow velocity is calculated as follows: 
 
V= K(i) / n 
 
Where V = flow velocity 
 K = hydraulic conductivity = 3.0 feet/day 
 i  = gradient = 0.0006 (unitless) 
 n = effective porosity = 0.15 (unitless) 
 
Values for K and n are consistent with those used in the Groundwater Remedial Investigation 
Report (Dames & Moore, 1998) and are based on previously completed constant discharge/slug 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       6 



testing and physical testing of numerous UBF soil samples, respectively. Using the above values, 
the water table flow velocity is calculated to be approximately 0.01 feet/day or 4.4 feet/year. 
 
4.2 MIDDLE BELLFLOWER B SAND 
 
Groundwater elevations and contours for the MBFB are presented on Figure 4. Groundwater 
elevations within the Site ranged from a high of -9.86 feet MSL at well SWL0003 (coordinates 
E4 on Figure 4) to a low of -10.93 feet MSL at well SWL0060 (coordinates J7). MBFB 
groundwater elevations were on average approximately 0.55 feet lower than for the previous 
2012 monitoring event.  
 
Based on the contours presented on Figure 4, groundwater flow in the MBFB is interpreted to be 
southeasterly in the vicinity of the Site at an average gradient of 0.0005. The average flow 
velocity calculated using the method outlined above (K = 20 feet/day; n = 0.15) is approximately 
0.07 feet/day or 24 feet/year. 
 
4.3 MIDDLE BELLFLOWER C SAND  
 
MBFC groundwater elevations and contours are presented on Figure 5. MBFC groundwater 
elevations within the Site ranged from -9.95 feet MSL at well SWL0065 (coordinates F5) to -
10.98 feet MSL at well SWL0040 (coordinates G7). Groundwater elevations were on average 
approximately 0.71 feet lower than for the previous 2012 monitoring event. 
 
Groundwater flow in the MBFC is toward the south to south-southeast, under an average 
hydraulic gradient of approximately 0.0007. This flow direction is similar to that for the previous 
2012 monitoring event.  The average flow velocity calculated using the method outlined above 
(K = 163 feet/day; n = 0.15) is approximately 0.76 feet/day or 280 feet/year. 
 
4.4 GAGE AQUIFER 
 
Groundwater elevations and contours for the Gage aquifer are presented on Figure 6. 
Groundwater elevations within the Site ranged from -11.83 feet MSL at well XG-06 (coordinates 
C7) to -13.39 feet MSL at well SWL0022 (coordinates G7). Groundwater elevations were on 
average 0.10 feet lower than for the previous 2012 monitoring event.  
 
Groundwater flow in the Gage is interpreted to be toward the east under an average hydraulic 
gradient of approximately 0.0006. Historically, the flow direction has been southeasterly. No 
significant change in the gradient has occurred. The average flow velocity is approximately 0.14 
feet/day or 52 feet/year (K = 31 feet/day; n = 0.13). 
 











2014 BASELINE GROUNDWATER MONITORING REPORT 



Weaver\Del Amo\Groundwater O&M\2014 Baseline Groundwater Monitoring Report\Text       7 



4.5 HYDRAULIC HEAD  
 
Data for co-located wells completed in different hydrostratigraphic units indicate that water 
levels are generally lower in successively deeper hydrostratigraphic units. Representative 
groundwater elevations for co-located wells completed in different hydrostratigraphic units can 
be compared in the following table: 
 



Well Cluster 
Location 



HSU Well 



2014 
Groundwater 



Elevation 
(ft. MSL) 



Western Plant Site 
Boundary 



Water Table PZL0016 -9.51 
MBFB SWL0029 -10.03 
MBFC SWL0030 -10.15 
Gage SWL0031 Not available 



Central Plant Site, 
Francisco St. 



Water Table SWL0016 -9.57 
MBFB SWL0037 -10.31 
MBFC SWL0035 -10.08 
Gage SWL0036 -13.16 



East of Plant site, 
Figueroa St. 



Water Table SWL0009 -7.42 



MBFB/C SWL0010 -11.12 



Gage SWL0025 -13.43 



 
For a given location, water levels in the Water Table, MBFB, and MBFC are typically within a 
few feet of each other, while the level in the Gage is typically an additional two to four feet 
lower than the MBFC. The generally decreasing water levels with depth indicate a downward 
hydraulic gradient. 
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5.0 NON-AQUEOUS PHASE LIQUID 
 
Non-Aqueous Phase Liquid (NAPL) has historically been present in Site Water Table wells 
XMW-20, SWL0001, and MBFB well SWL0032, which are all located in close proximity to 
each other near the western Site boundary. NAPL was observed in well SWL0032 with a 
thickness of 2.33 feet during the recent monitoring event (monitor wells XMW-20 and SWL0001 
were not gauged during this monitoring event). Historical data indicates the NAPL near the 
western Site boundary to be composed almost entirely of benzene. 
 
A viscous, black NAPL was detected at well PZL019 during the recent monitoring event with a 
thickness of 1.65 feet. Well PZL019 is located in the western end of the Waste Pits OU 
(coordinates E7 on Figure 7). The dissolved benzene concentration reported for the last 
groundwater monitoring event (December 2011) was 250,000 µg/l at this location (Table 3) but 
NAPL has never been previously observed. In accordance with Table 1 of the MACP, this well is 
included as part of the Waste Pits OU Performance Monitoring Program and will be discussed in 
more detail in the 2014 Waste Pit OU Annual Report. 
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6.0 GROUNDWATER SAMPLING AND ANALYTICAL RESULTS 



 
6.1 SAMPLING  AND ANALYTICAL METHODS 
 
Groundwater samples for the recent monitoring event were collected between September 4 and 
25, 2014. With the exception of well SWL0047, sampling and purging of each well was 
completed using a low-flow submersible pump and attached polyethylene tubing. For wells 
without dedicated pumps and tubing, a cleaned, temporary pump and new, disposable tubing was 
used. Well SWL0047 was observed to have oily debris in the well box and was therefore macro-
purged to ensure formation water was sampled and minimize the potential for impacts from the 
surface contamination. 
 
Water quality parameters, including pH, temperature, electrical conductivity, turbidity, oxidation 
reduction potential (ORP), and dissolved oxygen (DO) were measured and documented in the 
field during purging using a calibrated, multi-parameter water quality meter and are available 
upon request.  Purging was conducted at a rate ranging from 200 to 400 milliliters per minute 
and continued until three consecutive measurements were within 10% of each other.  
 
Purge water was stored in a temporary tank located at the Waste Pit OU pending waste profiling 
to determine appropriate off-site disposal. The purge water was subsequently transported by 
American Integrated Services as hazardous waste to Evoqua Water Technologies in Vernon, 
California for treatment and recycling.  The waste disposal manifest is provided in Appendix A. 
 
Samples were collected to be free of headspace in pre-cleaned, laboratory-supplied containers 
appropriate for the analyses to be completed.  Samples were labeled immediately after collection 
and temporarily stored in a cooled ice chest pending same-day transport to the analytical 
laboratory under chain-of-custody protocol. 
 
All groundwater sample analyses were completed by Eurofins Calscience of Garden Grove, 
California. VOCs, including TBA, were analyzed using USEPA Method 8260B.  Biodegradation 
indicator analyses performed by the laboratory included tests for methane by RSK-175M, ferrous 
iron by SM 3500-FeB, sulfate and nitrate by USEPA Method 300.0, total alkalinity by SM 
2320B, and carbon dioxide by SM4500-CO2D. 
 
6.2 OVERVIEW AND DATA PRESENTATION FORMAT 
 
Groundwater analytical results are discussed below for the Water Table, MBFB, MBFC and 
Gage units. Discussion of VOC concentrations and plume distributions is limited to 
concentrations associated with the Site and is focused on benzene, the principal groundwater 
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COC associated with the Site based on its distribution,  magnitude of concentrations, and relative 
toxicity. 
 
Table 3 presents a time-series summary of detected analytes for wells in the Site vicinity.  The 
table is limited chronologically to the data generated since the 2006 comprehensive monitoring 
event through the recent 2014 event. Comprehensive reporting of analytical data for the recent 
monitoring event is presented electronically in Appendix B. 
 
The dissolved benzene plumes and associated concentration data from the 2014 Baseline 
Sampling Event for the Water Table, MBFB, MBFC and Gage hydrostratigraphic units are 
presented on Figures 7, 8, 9, and 10 respectively.  These figures include data collected by URS 
for the Site MACP as well as data collected by other investigators. Where 2014 data is not 
available, the most recent historical data is presented, dating back to a comprehensive monitoring 
event conducted in 2006. Sampling locations with current data are distinguished from those with 
historical data by the well symbol, as indicated in the legend for each figure. 
 
The ROD defines the benzene plume as “the portion of the distribution of benzene in 
groundwater at the Joint Site that is not comingled with chlorobenzene.  Put another way, the 
benzene plume is that benzene within the Joint Site that lies outside of the chlorobenzene 
plume…”.  The dissolved benzene plumes presented in the figures are based on this ROD 
definition, and illustrate the extent of benzene associated with historical releases from the Site.  
While benzene concentration data are presented on the figures for the area within the ROD-
defined chlorobenzene plume, the benzene within this area is not attributed to the Site, and no 
isoconcentration lines or additional interpretation of these data is provided. Similarly, benzene 
present in other off-site plumes that are clearly discontinuous from the Site are also not 
associated with the Site and are not interpreted.  
 
6.3 BENZENE DISTRIBUTION 
 
6.3.1 Water Table 
The interpreted Water Table dissolved benzene distribution is presented on Figure 7. The 
dissolved benzene distribution is generally consistent with historical data.  Beginning with the 
previous 2012 monitoring event and continuing through the recent monitoring event, the 
dissolved benzene plume in the vicinity of the Waste Pits OU is significantly reduced relative to 
historical events.  
 
Dissolved benzene known to be associated with the Site is entirely within the TI-Waiver Zone. 
The benzene detection at well PZL0005 at the northeastern Site boundary (17 µg/l in 2008) is 
outside the TI-Waiver Zone, but its origin is unknown.   Benzene was not detected at this 
location in the previous nine sampling events between March of 1993 and February of 1996. 
Given this history and the location of the well along the hydrologically upgradient side of the 
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plant site, the detected benzene may be associated with an off-site source rather than the Site, or 
the 2008 result may be anomalous.  Based on this uncertainty, PZL0005 will be sampled during 
the 6-month after TGRS start-up monitoring event to allow further evaluation.  



 
As reflected on Figure 7, dissolved benzene concentrations in the southwest corner of the Site 
and on the Montrose site are not associated with historical Site operations based on the 
coincident presence of chlorobenzene and chlorinated solvents.  
 
To assess benzene concentration trends at the Site, a Mann-Kendall analysis was completed.  
Mann-Kendall is a non-parametric method, meaning that there is no assumption of a statistical 
distribution (e.g., normal distribution).  Most groundwater data is not distributed normally, due to 
left censoring (no values recorded below the detection limit) and the occasional very high 
concentration, orders of magnitude above the detection limit.  Mann-Kendall statistical analysis 
was performed for wells with a history of benzene detections since initiation of groundwater 
monitoring activities. The analysis was completed for both the short term (last 8 sampling 
events) and long term (last 16 sampling events).  Wells for which trends of increasing or 
decreasing benzene concentrations were identified are indicated below.  For all other wells, a 
trend was either not identified or there was insufficient data for analysis. Historical data 
spreadsheets, concentration trend plots, and results pertaining to the Mann-Kendall analysis are 
provided in Appendix C. 
 



Short Term Trends Long Term Trends 



Decreasing 
Concentrations 



Increasing 
Concentrations 



Decreasing 
Concentrations 



Increasing 
Concentrations 



PZL0009 
PZL0011 
PZL0013 
PZL0020 
PZL0026 
SWL0003 
SWL0004 
SWL0008 
SWL0044 
SWL0051 



XMW-04HD 
XMW-28 
XMW-29 



 PZL0020 
SWL0008 



none 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 32 of the 47 wells sampled.  Based on these findings, the dissolved benzene plume is 
stable to decreasing. 
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6.3.2 Middle Bellflower B Sand 
MBFB benzene data are summarized on Figure 8. The MBFB plume is not discussed at length 
here since the Water Table and the MBFB water-bearing units are identical in the western 
portion of the Site and further west.  Further east, the MBFB dissolved benzene plume is similar 
to the Water Table dissolved benzene plume, but with a significantly reduced distribution. The 
overall dissolved benzene plume distribution is similar to that for previous monitoring events and 
the portion attributable to plant site sources remains within the TI-Waiver Zone. 
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify MBFB wells 
with benzene concentration trends and the results of the analysis are summarized below.  
Associated historical data spreadsheets, concentration trend plots, and results are provided in 
Appendix C. 
 



Short Term Trends Long Term Trends 



Decreasing 
Concentrations 



Increasing 
Concentrations 



Decreasing 
Concentrations 



Increasing 
Concentrations 



None SWL0048 None None 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 12 of the 15 wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 
6.3.3 Middle Bellflower C Sand 
Benzene results for the MBFC are summarized on Figure 9. MBFC benzene concentrations tend 
to be lower than in the overlying Water Table and MBFB. Dissolved benzene associated with the 
Site occurs in three distinct plume areas, with their respective concentration maxima occurring at 
wells SWL0065 (coordinates F6 on Figure 9), SWL0040 (Coordinates G7), and SWL0060 
(coordinates J7), respectively. 
 
The SWL0065 dissolved benzene plume is inferred to be associated with releases from the 
former styrene plancor portion of the Site and roughly corresponds to larger, higher 
concentration plume areas in the overlying Water Table and MBFB. The dissolved benzene 
plume at well SWL0040 is likely associated with the Waste Pits OU and/or or adjacent 
petroleum pipelines along the southern Site boundary that are unrelated to the Site.  The 
dissolved benzene plume at SWL0060 is inferred to be associated with Site pipeline releases and 
overlying NAPL-impacted soil. 
 
Each of the three plume areas discussed above are considered to be within the MBFC TI-Waiver 
Zone. While the ROD does not depict the MBFC TI-Waiver Zone in the vicinity of well 
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SWL0060 (see ROD Figure 10-1), the dissolved benzene plume in this area is still considered to 
be within the TI-Waiver Zone for the following reasons: 
 



• The ROD indicates an MBFB TI-Waiver Zone in this area; 
• The MBFB and MBFC are merged and relatively thin in the vicinity of well SWL0060 so 



that the well is considered to be screened in both units; and  
• The ROD defines the MBFC TI-Waiver Zone as the projection of the lateral boundary of 



the dissolved benzene plume in the MBFB onto the underlying MBFC (see page 10-11 of 
the ROD). 



 
The largest distribution of the MBFC dissolved benzene extends over the southwestern corner of 
the Site, but is inferred to emanate from sources unrelated to the Site based on the plume 
geometry, groundwater flow direction, and coincident high concentrations of chlorobenzene. 
This area is within the chlorobenzene plume and not the benzene plume using the ROD-defined 
terminology.   
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify MBFC wells 
with benzene concentration trends and the results of the analysis are summarized below.    
Associated historical data spreadsheets, concentration trend plots, and results are provided in 
Appendix C. 
 



Short Term Trends Long Term Trends 
Decreasing 



Concentrations 
Increasing 



Concentrations 
Decreasing 



Concentrations 
Increasing 



Concentrations 
SWL0054 
XBF-13 



None None None 



 
Benzene concentrations were not detected or detected at concentrations below the MCL (< 1 
µg/l) at 10 of the 16 wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 
6.3.4 Gage Aquifer 
Benzene results for the Gage aquifer are summarized on Figure 10. The dissolved benzene plume 
attributed to the Site is centered at well SWL0066 and is associated with overlying, larger areas 
of higher benzene concentration in the Water Table, MBFB and MBFC. Benzene present in the 
southwest corner of the Site and further south is part of the chlorobenzene plume under the ROD 
terminology and is interpreted to be associated with the Montrose site based on the plume 
geometry, groundwater flow direction, and coincident high concentrations of chlorobenzene. 
 
Since wells SWL0063 and SWL0066 were not constructed until after the ROD was completed, 
the dissolved benzene plume in this area of the Site is located outside of the Gage aquifer TI-
Waiver Zone indicated in the ROD.  However, the extent of the dissolved benzene plume is 
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limited and future analytical laboratory testing will be utilized to monitor the benzene 
concentration trends and extent of the plume.  
 
A Mann-Kendall analysis was completed as described in Section 6.3.1 to identify Gage wells 
with benzene concentration trends.  No concentration trends were identified. Benzene 
concentrations were not detected or detected at concentrations below the MCL (1 µg/l) at three 
of the five wells sampled.  Based on this finding, the dissolved benzene plume is stable to 
decreasing. 
 
6.4 TERTIARY BUTYL ALCOHOL 
 
A subset of wells analyzed for VOCs were selected for additional TBA analysis.  Wells were 
selected for TBA analysis where a) TBA was previously detected, as indicated in the 2012 
groundwater monitoring report (URS, 2012); b) TBA is potentially present based on the well 
location within the interpreted TBA plume presented in the 2012 monitoring report; and c) 
USEPA specifically requested TBA analysis (see USEPA comment letter of August 18, 2014). 
Results of TBA analyses are summarized in Table 3. 
 
6.5 BIODEGRADATION INDICATORS 
 
Degradation of dissolved hydrocarbons can be facilitated by certain species of microorganisms 
indigenous in the subsurface. These microbes obtain energy by metabolizing and breaking down 
hydrocarbons that have been introduced into the environment. The microbes extract energy by 
facilitating the transfer of electrons from the hydrocarbon (an electron donor) to oxidized 
elements in the environment that are electron acceptors. Common electron acceptors in the 
saturated zone include DO, nitrate, ferric iron (Fe+++), sulfate, and carbon dioxide. Thus, depleted 
concentrations of these elements and compounds coincident with hydrocarbon contamination 
serve as indicators of biodegradation. In some cases, it can be more convenient and/or accurate 
to measure increased concentrations of the byproducts of the chemical reduction process rather 
than decreased concentrations of the electron acceptors. For example, instead of measuring 
decreases in the concentrations of ferric iron (Fe+++) or carbon dioxide, increases in 
concentrations of ferrous iron (Fe++) and methane can be measured, which are equally valid 
biodegradation indicators. Additionally, elevated levels of alkalinity can be used as an indicator 
of benzene biodegradation.  
 
Specific environmental conditions dictate which, if any, biodegradation pathways are active so 
that not all indicators will necessarily be observed at a site. However, aerobic respiration and 
consumption of DO is typically the first process. After oxygen depletion, degradation by 
anaerobic microorganisms through denitrification, reduction of iron and sulfate, and 
methanogenesis pathways may occur. 
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Biodegradation indicator analyses completed for the Baseline Groundwater Monitoring Event 
included tests for DO, ORP, carbon dioxide, methane, nitrate, sulfate, ferrous iron, and total 
alkalinity. DO, ORP and carbon dioxide data are used in evaluating aerobic biodegradation. The 
laboratory analyses for nitrate, ferrous iron, sulfate, methane are specific to anaerobic 
degradation pathways. The remaining analysis for total alkalinity can be used for either aerobic 
or anaerobic degradation. 
 
Locations for which biodegradation indicator analyses were completed included 13 Water Table 
wells and six MBFB wells along the transects indicated on Figures 7 and 8. These transects 
typically provide data for positions up-gradient of the dissolved benzene plume, within the 
dissolved benzene plume, at the down-gradient fringe of the dissolved benzene plume, and 
down-gradient or cross-gradient of the dissolved benzene plume. Biodegradation indicator data 
are included in Table 3 and graphs presenting the data relative to the transect lines and position 
of the wells relative to the plumes are presented in Figures 11 through 15.  
 
A simplified summary of the biodegradation data is presented in the table below, wherein each of 
the indicators is identified with respect to the expected mid-plume value (where high benzene 
concentrations are present) relative to the values outside of the plume. An “X” indicates a strong 
indication, wherein the expected relationship is achieved at multiple locations, and an “O” 
indicates where there is partial agreement. A dash (-) indicates the data are not indicative of 
biodegradation for that pathway. 
 



Biodegradation 
Process 



Indicator 
Mid-plume 



Biodegradation 
Indication 



Transect Occurrences 



WT-1 WT-2 WT-3 WT-4 MBFB-1 



Aerobic 



Oxygen 
Concentration 



Reduced O O O X O 



ORP value Reduced X X X X O 
Carbon Dioxide 
Concentration 



Increased O X O X O 



Anaerobic 



Ferrous Iron 
Concentration 



Increased X X O X O 



Methane 
Concentration 



Increased X O X O O 



Nitrate 
Concentration 



Decreased O X - O - 



Sulfate 
Concentration 



Decreased X X X X O 



Alkalinity 
Concentration 



Increased X X O X X 



 
As shown in the table, there is an overall indication that both aerobic and anaerobic 
biodegradation processes are occurring, with the ORP, sulfate, and alkalinity data being the 
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strongest indicators. This result, combined with the previously discussed findings indicating that 
Site benzene plumes have not migrated outside the TI-Waiver Zone and the Mann-Kendall 
statistical analysis indicating trends of decreasing benzene concentrations at multiple Water 
Table and MBFB wells confirms that the natural monitored intrinsic biodegradation remedial 
approach identified in the ROD is appropriate.  
 
6.6 QA/QC DATA AND EVALUATION 
 
Quality Assurance/Quality Control (QA/QC) samples analyzed as part of the monitoring 
program included four field blanks, 14 equipment blanks, 15 trip blanks, and eight field duplicate 
samples. The equipment blanks consisted of laboratory provided, organic-free water that was 
poured over a cleaned, non-dedicated pump into sample vials. Analysis of these samples permits 
evaluation of potential cross-contamination between sampling locations. The trip blanks were 
laboratory-prepared vials of organic-free water that remained with the primary sample containers 
during transit to and from the site, and during sampling.  The trip samples are not opened at any 
time during the field investigation, and their purpose is to allow evaluation of cross-
contamination from laboratory sources as well as between sample containers. Duplicate samples 
are collected at the same time and location as a corresponding primary sample, and are used to 
evaluate the reproducibility of the laboratory analyses. 
 
QA/QC samples were analyzed for the same constituents and by the same method (USEPA 
Method 8260) as for the corresponding primary samples. All compounds were below detection 
limits in each of the equipment blank and trip blank samples indicating that no cross 
contamination occurred. Duplicate samples were collected for locations PZL0010, SWL0002, 
SWL0003, SWL0021, SWL0050, SWL0065, XWM-04HD, and XP-03. Comparison of the 
primary and duplicate sample results for these locations is provided in Table 4.As indicated in 
the table, the relative percent difference between the primary and duplicate sample 
concentrations are all well below the 50% criteria for acceptance without qualification.  
 
Based on the equipment blank, trip blank, and field duplicate sample results described above and 
other criteria described in the Data Validation Memorandum presented in Appendix D, the data 
presented in this report are judged adequate for their intended purpose. 
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7.0  CONCLUSIONS AND RECOMMENDATIONS 
 
Presented in this document are the results of the 2014 Baseline Groundwater Monitoring Event 
completed in September 2014 for the Site, which were conducted in accordance with the 
September 5, 2014 MACP.  The monitoring program is being conducted to generate groundwater 
elevation and laboratory analytical data by which to evaluate the extent of the contaminant plume 
associated with the Site and confirm that biodegradation and containment of the dissolved 
benzene plume is occurring. 
 
The following conclusions are presented based on the data gathered during the 2014 Baseline 
Groundwater Monitoring Event: 
 



• Groundwater Elevations and Flow: 
o Water table elevations within the Site ranged from a high of -8.56 feet MSL at 



well SWL0038 in the northwest corner, to a low of -10.57 feet MSL at well 
XMW-28, near the southwest corner.  Groundwater elevations were on average 
approximately 0.57 feet lower than those for the previous monitoring event in 
2012.  The flow direction is generally southwesterly at an average gradient of 
0.0006 and velocity of approximately 0.01 feet/day or 4.4 feet/year. 



o MBFB elevations within the Site ranged from a high of -9.86 feet MSL at well 
SWL0003 to a low of -10.93 feet MSL at well SWL0060. Groundwater elevations 
were on average approximately 0.55 feet lower than for the previous 2012 
monitoring event. The flow direction is generally to the southeast at an average 
gradient of 0.0005 and velocity of approximately 0.07 feet/day or 24 feet/year. 



o MBFC groundwater elevations within the Site ranged from -9.95 feet MSL at well 
SWL0065 to -10.98 feet MSL at well SWL0040. Groundwater elevations were on 
average approximately 0.71 feet lower than for the previous 2012 monitoring 
event.  The flow direction is generally to the south-southeast at an average 
hydraulic gradient of approximately 0.0007 and velocity of approximately 0.76 
feet/day or 280 feet/year. 



o Gage Aquifer groundwater elevations within the Site ranged from -11.83 feet 
MSL at well XG-06 to -13.39 feet MSL at well SWL0022. Groundwater 
elevations were on average 0.10 feet lower than for the previous 2012 monitoring 
event. The flow direction is generally to the east at an average hydraulic gradient 
of approximately 0.0006 and velocity of approximately 0.14 feet/day or 52 
feet/year. 



o Groundwater elevation data for co-located wells completed in different 
hydrostratigraphic units indicate that water levels are generally lower in 
successively deeper hydrostratigraphic units, indicating a downward hydraulic 
gradient. 
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• NAPL: 



o NAPL has historically been present in Site water table wells XMW-20, SWL0001 
and MBFB well SWL0032, which are all located near the western Site boundary. 
NAPL was observed in well SWL0032 during the recent monitoring event 
(monitor wells XMW-20 and SWL0001 were not gauged during this monitoring 
event). Historical data indicates the NAPL near the western Site boundary to be 
composed almost entirely of benzene. 



o NAPL was detected at well PZL019 during the recent monitoring event, with a 
thickness of 1.65 feet. Well PZL019 is located in the western end of the Waste 
Pits OU and NAPL has not previously been observed in this well.  In accordance 
with Table 1 of the MACP, this well is included as part of the Waste Pits OU 
Performance Monitoring Program and will be discussed in more detail in the 2014 
Waste Pit OU Annual Report. 



• Benzene Distribution – Water Table: 
o While the dissolved benzene distribution is generally consistent with historical 



data, benzene concentrations and distribution are reduced in the vicinity of the 
Waste Pits OU. 



o Dissolved benzene known to be associated with the Site is entirely within the TI-
Waiver Zone. The origin of benzene detected at well PZL0005 in the northeast 
corner in 2008 (17 µg/l) is unknown, but may originate from off-site given the 
southwesterly direction of groundwater flow in this area.  Benzene was not 
detected at this location in any previous monitoring events and the anomalous 
result from 2008 will be further evaluated by sampling this well during the 6-
month after TGRS start-up sampling event.  



o Mann-Kendall statistical analysis identified 13 wells with a trend of decreasing 
benzene concentrations through time and no wells with increasing concentrations.  
Benzene concentrations were not detected or detected at concentrations below the 
MCL (< 1 µg/l) at 32 of the 47 wells sampled.  Based on these findings, the 
dissolved benzene plume is stable to decreasing.  



o Biodegradation indicators confirmed that there is an overall indication that both 
aerobic and anaerobic biodegradation processes are occurring, and this data 
combined with the observed benzene distribution and identified trends of 
decreasing benzene concentrations confirm that the monitored intrinsic 
biodegradation remedial approach identified in the ROD is appropriate. 



• Benzene Distribution - MBFB: 
o The dissolved benzene distribution is generally consistent with historical data and 



the dissolved benzene plume is entirely within the TI-Waiver Zone. The dissolved 
benzene concentrations observed in the southwest corner of the Site and on the 
Montrose site are not associated with historical Site operations based on the 
coincident presence of chlorobenzene and chlorinated solvents. 
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o Mann-Kendall statistical analysis identified no wells with a trend of decreasing 



benzene concentrations through time and one well with increasing benzene 
concentrations. Benzene concentrations were not detected or detected at 
concentrations below the MCL (< 1 µg/l) at 12 of the 15 wells sampled.  Based on 
this finding, the dissolved benzene plume is stable to decreasing. 



o Biodegradation indicators confirmed that there is an overall indication that both 
aerobic and anaerobic biodegradation processes are occurring, and these data 
combined with the observed benzene distribution and the dissolved benzene 
concentration trends confirm that the monitored intrinsic biodegradation remedial 
approach identified in the ROD is appropriate. 



• Benzene Distribution - MBFC Sand: 
o The dissolved benzene distribution is generally consistent with historical data and 



dissolved benzene concentrations tend to be lower than in the overlying water 
table and MBFB water-bearing units. 



o The dissolved benzene plume associated with the Site is entirely within the TI-
Waiver Zone.  



o The dissolved benzene concentrations observed in the southwest corner of the Site 
and in the vicinity of the Montrose site are not associated with the Site based on 
the coincident presence of chlorobenzene and chlorinated solvents. 



o Mann-Kendall statistical analysis identified two wells with a trend of decreasing 
benzene concentrations through time and no wells with increasing concentrations.  
Benzene concentrations were not detected or detected at concentrations below the 
MCL (< 1 µg/l) at 10 of the 16 wells sampled.  Based on this finding, the 
dissolved benzene plume is stable to decreasing. 



• Benzene Distribution - Gage Aquifer: 
o The dissolved benzene distribution is generally consistent with historical data and 



dissolved benzene concentrations tend to be lower than in the overlying water 
table, MBFB and MBFC water-bearing units. 



o The dissolved benzene concentrations observed in the vicinity of the southwest 
corner of the Site and the Montrose site are not associated with historical Del 
Amo operations based on the coincident presence of chlorobenzene and 
chlorinated solvents.  Wells SWL0066 and SWL0063 were not constructed until 
after the ROD was completed; therefore, the dissolved benzene plume is located 
outside of the TI-Waiver Zone indicated in the ROD.  However, the extent of the 
plume is limited and future analytical laboratory testing will be utilized to monitor 
the benzene concentration trends and extent of the plume   



o Mann-Kendall statistical analysis did not identify any wells with trends of either 
increasing or decreasing concentrations.   Benzene concentrations were not 
detected or detected at concentrations below the MCL (< 1 µg/l) at three of the 
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five wells sampled.  Based on this finding, the dissolved benzene plume is stable 
to decreasing.  
 



Based on the conclusions presented above, 17 wells are recommended for destruction and an 
additional four wells are recommended for transfer to other parties.  One well is recommended 
for inclusion in the 6-month sampling event. The individual wells with their associated 
recommendation and rationale are summarized in the table below:  



 
 



HSU Well Recommendation Rationale 



Water 
Table 



PZL0002 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 
PZL0003 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0004 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0005 Gauge and sample 
well in 6-month event 



Further evaluate anomalous benzene detection in 2008 sampling event 



PZL0008 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0017 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



PZL0019 Continue gauging NAPL present 



SWL0012 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0015 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0028 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0039 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0049 Transfer to Montrose Not necessary for monitoring of Del Amo benzene plume 



SWL0057 Destroy well Established history of benzene concentrations below the MCL 



MBFB 



SWL0011 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0019 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0052 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0056 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



MBFC 
SWL0014 Destroy well Outside of TI Waiver Zone with a history of benzene concentrations below the MCL 



SWL0033 Transfer to Montrose Contaminants present not associated with Del Amo Site 



LBF SWL0043 Destroy well Not screened in major HSU; no history of benzene concentrations in excess of MCL 



Gage 



SWL0031 Previously destroyed 
by PACCAR 



  



SWL0034 Transfer to Montrose Contaminants present not associated with Del Amo Site 



SWL0067 Transfer to TCE 
parties 



Established history of benzene concentrations below the MCL; TCE present not 
associated with Del Amo Site 











2014 BASELINE GROUNDWATER MONITORING REPORT 



 



 



8.0  REFERENCES 
 
Dames & Moore, 1998.  Final Groundwater Remedial Investigation Report, Del Amo Study 
Area, Los Angeles California.  May 15, 1998. 
 
URS, 2004.  Field Sampling Plan and Quality Assurance Project Plan, Baseline Groundwater 
Sampling Event, Joint Montrose Chemical and Del Amo Superfund Site, Los Angeles, 
California.  January 7, 2004. 
 
URS, 2014.  Groundwater Monitoring and Aquifer Compliance Plan, Dual Site Groundwater 
Operable Unit, Montrose Chemical and Del Amo Superfund Sites, Los Angeles, California.  
September 5, 2014. 
 
URS, 2012. Groundwater Monitoring Report, Dual Site Groundwater Operable Unit, Montrose 
Chemical and Del Amo Superfund Sites, Los Angeles, California. June 28, 2012. 
 
U.S. Environmental Protection Agency, 1999.  Record of Decision for Dual Site Groundwater 
Operable Unit, Montrose Chemical and Del Amo Superfund Sites.  March 1999. 
 
U.S. Environmental Protection Agency, 2014. Letter from Mr. Kevin Mayer of USEPA to Mr. 
Erich Weaver of URS: “Comments on Shell Portion of Monitoring and Aquifer Compliance Plan,  
Montrose and Del Amo Superfund Sites, Submitted July 16, 2014”.  August 18, 2014. 








			TABLE OF CONTENTS


			Section              Page


			1.0  INTRODUCTION AND BACKGROUND  1


			2.0  PURPOSE AND SCOPE 2


			2.1 PURPOSE 2


			2.2 SCOPE 2


			3.0  HYDROSTRATIGRAPHY REVIEW 4


			4.0  GROUNDWATER ELEVATIONS AND FLOW 5


			4.1 WATER TABLE 5


			4.2 MIDDLE BELLFLOWER B SAND 6


			4.3 MIDDLE BELLFLOWER C SAND 6


			4.4 GAGE AQUIFER 6


			4.5 HYDRAULIC HEAD 7


			5.0 NON-AQUEOUS PHASE LIQUID 8


			6.0 GROUNDWATER SAMPLING AND ANALYTICAL RESULTS 9


			6.1 SAMPLING AND ANALYTICAL METHODS 9


			6.2 OVERVIEW AND DATA PRESENTATION FORMAT 9


			6.3 BENZENE DISTRIBUTION 10


			6.3.1 Water Table 10


			6.3.2 Middle Bellflower B Sand 12


			6.3.3 Middle Bellflower C Sand 12


			6.3.4 Gage Aquifer 13


			6.4 TERTIARY BUTYL ALCOHOL 14


			6.5 BIODEGRADATION INDICATORS 14


			6.6 QA/AC DATA AND EVALUATION 16


			7.0 CONCLUSIONS AND RECOMMENDATIONS 17


			8.0 REFERENCES 21


			EXECUTIVE SUMMARY


			1.0 INTRODUCTION AND BACKGROUND


			2.0 PURPOSE AND SCOPE


			2.2 SCOPE


			3.0 HYDROSTRATIGRAPHY REVIEW


			4.0 GROUNDWATER ELEVATIONS AND FLOW


			4.1 WATER TABLE


			4.2 MIDDLE BELLFLOWER B SAND


			4.3 MIDDLE BELLFLOWER C SAND


			4.4 GAGE AQUIFER


			4.5 HYDRAULIC HEAD


			5.0 NON-AQUEOUS PHASE LIQUID





			6.0 GROUNDWATER SAMPLING AND ANALYTICAL RESULTS


			6.1 SAMPLING  AND ANALYTICAL METHODS


			6.2 OVERVIEW AND DATA PRESENTATION FORMAT


			6.3.1 Water Table


			6.3.2 Middle Bellflower B Sand


			6.3.3 Middle Bellflower C Sand


			6.3.4 Gage Aquifer
















Table 1
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Monitoring and Aquifer Compliance Plan
Del Amo Superfund Site



V:\Projects\28906070 Del Amo Parent Job\600 DLVR\601 - URS (or DM) Prepared\2014 Groundwater Monitoring Work Plan\tables\excel.word files



Top Bottom µg/L Date Baseline 6-month and 
1 year



Year 2+ 
Annual



Year 5 
Review



Montrose 
Baseline and 



Year 5 
Review



Montrose 
Annual



8260B
VOC biodeg



PZL0001 50.00 60.00 <0.50 Feb-12 X X X X - - X - X Hamilton Ave SE extent of plume & containment zone
PZL0006 49.00 69.00 <2.1 Nov-06 X X - X - - X - X Magellan Dr NE extent of plume
PZL0007 47.00 62.00 <0.5 Nov-06 X X - X - - X - X Hamilton Ave N extent of plume & containment zone 
PZL0009 54.00 69.00 72 Nov-06 X X - X - - X - X 034-069 N extent of plume
PZL0010 49.50 69.50 <0.50 Nov-06 X X - X - - X - X 034-024 NE extent of plume & containment zone 
PZL0011 35.00 55.00 8,100 Nov-06 X X - X - - X - X 033-034 NW extent of source area
PZL0012 37.20 57.20 <13 Nov-06 X X X X - - X X X 033-062 W extent of plume; biodeg transect
PZL0013 41.00 61.00 300,000 Jul-00 X X X X - - X X X 033-900 Extent of source area; biodeg transect
PZL0014 51.00 66.00 0.68 Nov-06 X X - X - - X - X 031-017 Northern containment zone
PZL0016 47.00 67.00 <30 Nov-06 X X - X - - X - X 034-056 NW extent of source area
PZL0018 48.00 68.00 1,700 Feb-12 X X X X - - X - X 034-066 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program.
PZL0019 46.70 66.70 250,000 Feb-12 X X X X - - X X X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program/biodeg transect
PZL0020 47.00 67.00 190,000 Feb-12 X X X X - - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
PZL0022 42.00 61.70 <0.50 Feb-12 X X X X - - X - X 034-078 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program 
PZL0024 44.40 64.40 <0.50 Feb-12 X X X X - - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program



PZL0025 43.50 63.50 <0.50 Feb-12 X X X X X - X - X 034-077 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program. Coordinate with 
Montrose to avoid duplicate sampling. 



PZL0026 33.00 53.00 91 Nov-06 X X X X - - X X X 033-017 S extent of source area; biodeg transect
SWL0002 52.00 77.00 <19 Nov-06 X X - X - - X - X 034-057 W extent of source area
SWL0003 50.00 77.00 170,000 Nov-06 X X - X - - X - X 034-056 Source area
SWL0004 53.00 80.00 610,000 Nov-06 X X X X - - X X X 034-057 SE extent of source area; biodeg transect
SWL0005 38.60 61.50 <0.50 Feb-12 X X - X - - X - X Del Amo Blvd SE extent of plume at waste pit area plume
SWL0006 43.50 59.50 <0.50 Feb-12 X X - X - - X X X Catalina St Confirm southern plume boundary;biodeg transeect; Omit from future monitoring if [benzene] < MCL.
SWL0007 50.40 71.20 3 Nov-06 X X - X - - X - X 031-007 N extent of plume & containment zone 
SWL0008 41.40 62.00 52 Feb-12 X X X X - - X X X Del Amo Blvd Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program/biodeg transect
SWL0009 37.30 58.30 0.29 Nov-06 X X X X - - X - X Figueroa St E extent of plume & monitor containment zone 
SWL0015 33.00 54.00 2.9 Feb-96 X - - - - - X - X 001-131 TBA plume evaluation
SWL0016 40.80 62.00 <0.50 Feb-12 X X - X - - X - X 034-068 E extent of plume
SWL0017 47.00 68.50 3.2 Nov-06 X X - X - - X - X 034-025 NE extent of plume near containment zone
SWL0021 46.50 62.10 0.57 Feb-12 X X X X - - X X X 7350-001-131 S extent of plume; biodeg transect
SWL0024 45.00 61.50 <0.50 Feb-12 X X X X - - X X X Del Amo Blvd SE extent of plume; biodeg transects
SWL0028 34.00 54.80 <0.50 Feb-12 X - - - - - X - X Alpine Village/Torrance Blvd Omit from future monitoring if [benzene] < MCL. VOC analysis will include TBA.
SWL0038 49.50 70.50 <1.0 Jul-00 X X X X - - X X X 031-007 biodeg transect
SWL0042 34.30 55.00 1.1 Feb-12 X - - - - - X - X Hamilton Ave Omit from future monitoring if [benzene] < MCL.
SWL0044 45.50 65.00 0.82 Feb-12 X X X X - - X - X 034-901 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
SWL0046 37.80 57.80 <0.50 Nov-06 X X X X - - X X X 033-045 NW extent of plume / containment zone boundary; biodeg transect
SWL0051* 35.00 55.00 <0.5 Feb-12 X X* X X - - X - X Undeveloped parcel Waste Pits OU Performance Monitoring program
SWL0057 38.50 58.50 <0.50 Feb-12 X - - - - - X - X New Hampshire Ave Omit from future monitoring if [benzene] < MCL.
SWL0059 37.00 41.00 9.3 Nov-06 X X - X - - X - X 034-015 N extent of source area 
SWL0068 23.00 48.00 150,000 Jan-10 X X X X - - X X X 033-017 Source area; biodeg transect
XGW-07A 47.00 57.00 ND<1.0 Jul-00 X - - - - - X - X off-site EPA request for TBA data to be included in VOC analysis.



XMW-01HD 40.00 60.00 860,000 Jun-93 X X - X - - X - X 033-022 Source area
XMW-02HD 40.00 60.00 970 Jul-00 X X - X - - X - X 033-022 E extent of plume
XMW-03HD 40.00 60.00 3.3 Nov-06 X X - X - - X - X 033-022 E extent of plume
XMW-04HD 51.00 61.00 430,000 Nov-06 X X - X - - X - X 033-022 Extent of source area; biodeg transect



XMW-14 58.00 73.00 4,400 Jul-00 X - - - - - X - X Del Amo Alley W extent of plume
XMW-21 54.00 70.00 0.66 Feb-12 X X X X - - X X X Pacific Gateway Separation of plumes to north, south, and east; biodeg transect
XMW-27 59.00 75.00 <2.0 Nov-06 X X - X - - X - X Francisco St W extent of plume 



XMW-28 54.00 71.00 44,000 Nov-06 X X - X X - X X X 034-058 Part of EPA requested biodegradation transect. Coordinate with Montrose to avoid duplicate sampling. 



XMW-29 57.00 73.00 73,000 Feb-12 X X X X - - X - X 034-901 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program
XP-02 55.50 75.50 <0.5 Feb-12 X X X X - - X X X 034-066 Delineation of plume at waste pits/Waste Pits OU Performance Monitoring program



Analyses



Well IDHSU



Sampling EventScreen (ft btoc) Benzene Result



Selection Rationale  / Comment    Water Level 
Gauging APN / Location



Water Table
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Top Bottom µg/L Date Baseline 6-month and 
1 year



Year 2+ 
Annual



Year 5 
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Montrose 
Baseline and 



Year 5 
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Annual
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Analyses



Well IDHSU



Sampling EventScreen (ft btoc) Benzene Result



Selection Rationale  / Comment    Water Level 
Gauging APN / Location



 



SWL0010 100.00 116.50 <0.5 Feb-96 X X X X - - X - X Figueroa St E extent of plume near containment zone
SWL0019 73.10 89.60 <0.5 Feb-96 X - - - - - X - X 7350-001-131 Omit from future monitoring if [benzene] < MCL.
SWL0023 88.50 103.80 <0.5 Feb-12 X X X X - - X - X Del Amo Blvd Containment zone 
SWL0029 83.00 88.00 0.65 Nov-06 X X - X - - X - X 7351-035-027 N extent of plume near containment zone
SWL0032 79.00 89.00 660,000 Nov-06 X X - X - - X - X 034-057 Extent of source area
SWL0037 82.00 98.50 <0.50 Feb-12 X X X X - - X X X 034-068 E extent of plume / containment zone / background concentrations of biodegradation parameters
SWL0041 77.00 92.75 11,000 Nov-06 X X - X - - X - X 034-078 SE extent of waste pit area
SWL0047 82.00 92.00 <0.29 Nov-06 X X X X - - X X X 034-052 N extent of plume/containment zone; biodeg transect
SWL0048 83.00 93.00 180,000 Nov-06 X X X X - - X X X 034-066 Interior of plume; biodeg transect
SWL0050 72.50 82.00 78,000 Nov-06 X X X X - - X X X 034-077 S extent of waste pit area; biodeg transect
SWL0052 78.30 93.70 <0.5 Nov-06 X - - - - - X - X Vermont Ave Omit from future monitoring if [benzene] < MCL.
SWL0056 75.00 85.00 <0.5 Feb-12 X - - - - - X - X New Hampshire Ave Omit from future monitoring if [benzene] < MCL.
SWL0060 90.00 93.00 15 Feb-12 X X X X - - X - X 033-017 SE of source area
XG-01WC 80.00 90.00 <0.50 Feb-12 X X X X - - X X X New Hampshire/204th SE extent of plume; biodeg transect
XG-02WC 82.00 92.00 0.93 Feb-12 X X X X X X X - X Catalina St S of containment zone. Coordinate with Montrose to avoid duplicate sampling. 
XGW-07C 86.30 90.90 NA NA X - - - - - X - X off-site EPA request for TBA data to be included in VOC analysis.



XP-03 85.00 95.00 <0.5 Feb-12 X X - X - - X - X Del Amo Blvd E extent of plume at waste pits
SWL0013 131.80 147.60 <0.58 Nov-06 X X - X - - X - X 033-031 Near containment zone
SWL0018 122.00 139.00 <0.50 Feb-12 X X X X - - X - X 034-066 Separation of plume; containment zone; biodeg transect
SWL0030 104.00 119.80 <0.50 Nov-06 X X - X - - X - X 7351-035-027 NW extent of plume near containment zone 
SWL0033 124.30 140.00 <40 Feb-12 X X - X X X X - X Budlong Ave Containment zone. Gauged and sampled by Montrose. 
SWL0035 121.00 136.00 <0.50 Nov-06 X X X X - - X - X 034-068 E extent of in MBFC and containment zone; biodeg transect
SWL0040 118.50 135.00 1,100 Feb-08 X X X X - - X - X 034-078 Waste pits area
SWL0053 118.30 127.80 <0.5 Feb-12 X X X X - - X - X Vermont Ave SE extent of plume and containment zone
SWL0054 120.20 129.70 1.3 Feb-12 X X - X - - X - X 034-057 W extent of source area
SWL0055 120.30 129.80 <0.50 Feb-12 X X - X - - X - X 034-077 Interior of waste pits plume
SWL0058 118.10 127.70 1.1 Nov-06 X X - X X X X - X 034-058 SW of plume. Coordinate with Montrose to avoid duplicate sampling. 
SWL0061 115.00 120.00 <0.68 Nov-06 X X X X - - X - X 034-057 Monitor for downward migration of impacts in MBFB; biodeg transect
SWL0064 114.20 129.20 1.5 Nov-06 X X - X - - X - X 034-058 W extent of plume
SWL0065 115.00 130.00 95,000 Feb-12 X X X X - - X - X 034-058 Interior of plume; biodeg transect
XBF-06 115.00 125.00 <120 Feb-14 X - - - - - X - X 7351-34-901 Confirm west of Del Amo benzene plume
XBF-13 117.00 137.00 1,200 Feb-08 X X - X - - X - X Del Amo Blvd Interior of waste pits plume



SWL0020 180.60 196.40 <0.5 Feb-96 - - - - - - - - X 7350-001-131 Included for water level monitoring only; outside of plume area
SWL0022 179.50 195.30 <0.5 Nov-06 X X X X - - X - X 033-031 SE extent of on-site plume
SWL0025 195.00 210.80 <0.50 Nov-06 X X X - - X - X Figueroa St Monitor TBA outside of hydraulic capture zone
SWL0026 159.80 175.50 0.67 Feb-12 - - - - X X - - X 001-018 Outside of plume; included for water level monitoring only
SWL0036 178.00 194.00 <0.5 Nov-06 X X - X - - X - X 034-068 Upgradient chlorinated VOC impacts
SWL0063 172.70 187.00 460 Feb-12 X X X X X - X - X 034-058 Center of on-site plume. Coordinate with Montrose to avoid duplicate sampling. 
SWL0066 172.00 187.00 0.29 Nov-06 X X - X - - X - X 034-057 NW extent of on-site plume



XG-17 172.00 212.00 6.7 Feb-93 X X X X X X X - X 034-901 S ext of on-site plume. Gauged and sampled by Montrose. 
Notes:
HSU = hydrostratigraphic unit µg/l = micrograms per liter * = Well to be sampled annually as part of waste pit OU performance monitoring event; NOT included in 6-month sampling event
VOC = volatile organic compound MCL = maximum contaminant level Wells that are screened in both the Water Table and MFBS are listed once only in the Water Table.
APN = Assessor's parcel number biodeg = biodegradation parameters
TBA = tert-Butyl alcohol



Gage Aquifer



Middle Bellflower C 
Sand



Middle Bellflower B 
Sand
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1997 1998 1999 2000 2004 2006 2012 2014



Change in 
Level over 
Period of 
Record



Average 
Rate of 



Change in 
Level



Jul Oct Mar Jun Oct Jan May Oct Jan Feb Jan Jun Jan Oct Feb Sep (ft) (ft/yr)
PZL0001   -20.05   -20.32   -19.19   -18.65   -18.97   -18.41   -18.70   -18.73   -19.08   -18.43   -17.21   -17.12   -16.38   -12.36   -10.04   -10.48 9.57 0.48
PZL0002   -13.49   -13.56   -12.78   -12.44   -12.31   -12.06   -11.83   -11.71    -8.69   -10.52    -8.74 -9.81*    -9.65    -7.34    -6.23 -- 7.26 0.41
PZL0003   -13.92   -14.01   -13.38   -12.97   -12.82   -12.37   -12.10   -11.95   -11.54   -10.85    -9.58    -9.70    -9.16    -6.33    -7.34 -- 6.58 0.37
PZL0004   -17.05   -17.23   -16.12   -15.61   -15.92   -15.58   -14.29   -15.34   -15.45   -14.70 -13.59*   -13.82   -13.65   -10.60    -8.66 -- 8.39 0.48
PZL0005   -12.00   -12.09   -11.67   -11.14   -11.37   -10.92   -10.87   -10.76   -10.46   -10.12    -8.90    -8.94    -6.50    -5.02    -3.87 -- 8.13 0.46
PZL0006   -17.72   -17.94   -17.06   -16.47   -16.82   -16.60   -16.37   -15.05   -15.96   -16.62   -14.52   -14.39   -13.94   -10.40    -8.59    -9.37 8.35 0.41
PZL0007   -18.74   -18.98 --   -17.58   -17.65   -17.10   -17.35   -17.44   -17.48   -16.78   -15.92   -15.96   -14.39   -10.96    -9.39    -9.58 9.16 0.45
PZL0008   -14.59   -14.51   -13.81   -13.35   -13.08   -12.68   -12.49   -12.33   -12.11   -11.32   -10.20   -10.45   -10.50    -8.14    -6.88 -- 7.71 0.44
PZL0009   -17.47   -17.48   -17.00   -16.42   -16.34   -15.95   -15.74   -15.25   -15.65   -14.87   -13.47   -13.77   -13.35   -10.11    -8.07    -9.16 8.31 0.41
PZL0010   -17.76   -17.87   -16.95   -16.57   -16.60   -16.30   -16.19   -16.07   -16.21   -15.23   -14.35   -14.52   -13.94   -10.60    -8.91    -9.67 8.09 0.40
PZL0011   -17.16   -17.10   -16.88   -15.88   -15.92   -15.83   -15.65   -15.60   -15.72   -15.23   -13.98   -14.29   -13.15    -9.78    -7.29    -9.26 7.90 0.39
PZL0012   -19.61   -18.70   -18.47   -17.71   -18.04 -17.46*   -17.56   -16.01   -17.84 -- -- --   -13.67   -11.31    -8.50    -8.53 11.08 0.55
PZL0013   -15.96   -16.04   -15.93   -15.44   -15.48   -15.58   -15.46   -15.21   -15.32   -14.78   -13.88   -15.06   -13.31   -11.63    -8.77    -8.97 6.99 0.35
PZL0014   -16.04   -15.98   -15.27   -14.90   -14.64   -14.33   -14.09   -13.92   -13.91   -12.57   -11.53   -11.89   -11.62    -8.77    -7.74    -8.86 7.18 0.36
PZL0015   -14.72   -14.73   -14.25   -13.65   -13.48   -13.14   -12.95   -12.84   -12.92   -11.75   -10.65   -11.05   -10.95    -5.50    -7.43 -- 7.29 0.41
PZL0016   -17.91   -17.81   -17.46   -16.90   -16.79   -16.50   -16.15   -15.87   -15.89   -14.54 -13.96*   -14.01   -13.56   -10.49    -8.88    -9.51 8.40 0.42
PZL0017   -13.10   -13.11   -12.62   -12.07   -11.82   -11.49   -11.39   -11.32   -11.27   -10.40    -9.21    -9.66    -9.76    -7.58    -7.00 -- 6.10 0.35
PZL0018   -19.44   -19.64   -17.57   -17.31   -17.98   -17.84   -17.35   -19.76   -17.38   -15.72   -16.03   -16.16   -15.17   -11.24    -8.88    -9.92 9.52 0.47
PZL0019   -18.73   -18.64   -18.16   -16.88   -16.78   -16.67   -16.17   -16.48   -16.26   -15.65   -14.19 --   -12.31   -11.10    -8.55    -8.58 10.15 0.50
PZL0020   -17.42   -17.63   -16.78   -15.16   -15.45   -15.27   -15.37   -15.69   -13.49   -14.70   -13.65   -14.47   -13.89   -10.88    -8.75    -9.66 7.76 0.39
PZL0021   -20.01   -20.19   -19.22   -18.98   -18.88   -18.58   -13.42   -18.04   -17.87   -17.29   -15.26   -16.46   -15.91 -- -- -- 4.10 0.43
PZL0022   -18.95   -18.88   -19.25   -18.83   -18.73   -18.87   -18.78   -18.95   -18.87   -18.35   -17.01   -17.62   -14.89 -10.93*    -8.78    -9.76 9.19 0.46
PZL0023   -18.88   -17.30   -17.47 -- -- -- -- -- -- -- -- -- -- -- -- -- 1.41 2.18
PZL0024   -18.71   -18.27   -18.62 -16.26*   -16.13 -16.28*   -16.11   -16.38   -15.75   -14.28   -13.54 -- -- --    -8.47    -9.49 9.22 0.46
PZL0025   -19.24 -17.81*   -18.03   -16.86   -17.11   -16.99   -17.12   -17.14   -16.86   -16.38   -14.93   -15.68   -14.80 -11.64*    -9.00    -9.39 9.85 0.49
PZL0026   -14.58   -14.61   -14.57   -14.21   -14.18   -14.16   -14.02   -14.09   -14.44   -13.64   -12.97   -12.93   -12.76   -10.47    -8.33    -8.49 6.09 0.30
SWL0001   -18.09   -20.62   -18.28   -17.02   -17.23   -17.21 -- --   -30.53   -15.60   -14.82   -15.68   -14.56   -12.50 -9.29* -- 8.80 0.50
SWL0002   -18.43   -18.43   -18.07   -17.44   -17.31   -17.06 --   -16.56   -16.63   -15.78   -14.75   -14.52   -14.14   -11.03 -9.06*    -9.99 8.44 0.42
SWL0003   -18.97   -18.33   -17.91   -17.25   -17.14 -16.90* --   -16.48   -16.69   -15.53   -14.50   -14.58   -14.18   -10.79    -9.04    -9.86 9.11 0.45
SWL0004   -18.47   -18.51   -18.10   -17.57   -17.45   -17.07 --   -16.91   -17.18   -15.87   -15.02 --   -14.40   -11.06 -9.14*    -9.99 8.48 0.42
SWL0005   -18.13   -18.51   -16.80   -16.16   -16.61   -16.37   -16.64   -16.65   -16.44   -13.88   -14.96 -15.33*   -15.02   -11.34    -9.16    -9.59 8.54 0.42
SWL0006   -20.04   -19.81   -19.15 -18.62*   -18.73   -18.38   -18.22   -18.20   -18.39   -17.61 -16.93*   -16.93   -15.58   -12.21    -9.99   -10.58 9.46 0.47
SWL0007   -16.65   -16.64   -16.29   -15.87   -15.49   -15.27   -14.93   -14.62   -14.61   -13.56   -12.51   -12.75   -12.59    -9.83    -8.13    -8.92 7.73 0.38
SWL0008   -17.42   -17.42   -15.86   -15.06   -15.18   -15.40   -15.16   -15.57   -15.74   -14.60   -13.60   -14.32   -13.96   -10.86    -8.75    -9.70 7.72 0.38
SWL0009   -15.34   -15.44   -12.87   -12.38   -12.89   -12.91   -12.69   -12.94   -12.23   -10.67    -9.68    -9.19   -10.18   -10.96    -6.88    -7.42 7.92 0.39
SWL0012   -13.27   -13.29   -12.69   -12.30   -12.07   -11.87   -11.65   -11.58   -11.48   -10.82    -9.42    -9.51    -9.39    -6.88    -5.88 -- 7.39 0.42
SWL0015   -20.76   -20.89   -19.93   -19.19   -19.46   -18.75   -19.61   -19.09   -19.54   -18.96   -17.89   -17.91   -16.73   -12.52   -10.43   -10.84 9.92 0.49
SWL0016   -18.28   -18.50   -17.27   -16.83   -17.26 -16.82*   -15.38   -16.72   -16.86   -16.08   -14.88   -15.15   -14.65   -10.99    -8.44    -9.57 8.71 0.43
SWL0017   -17.75   -17.75   -17.01   -16.55   -16.64   -16.27   -16.13   -15.88   -16.20   -15.31 --   -14.45   -13.68   -10.46    -8.75    -9.50 8.25 0.41
SWL0021   -20.34   -20.61   -19.55   -19.00   -19.24   -18.61   -18.82   -17.53   -19.39   -16.77   -17.73   -16.80   -16.62   -13.50   -10.38   -10.67 9.67 0.48
SWL0024   -19.86   -20.11   -19.04   -18.49   -18.85   -18.22   -19.74   -18.65   -18.89   -16.43   -16.34   -16.41   -14.43   -11.77    -9.75   -10.23 9.63 0.48
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SWL0028   -17.86   -17.99   -17.17   -16.06   -15.82   -15.84   -15.63   -15.79   -15.79   -15.52   -13.28   -13.43   -13.54    -8.75   -10.56    -9.28 8.58 0.43
SWL0038   -15.69   -15.72   -15.20   -14.77   -14.49   -14.18   -13.99   -13.79   -13.84   -12.55   -11.58   -11.98   -11.63    -9.12    -7.77    -8.56 7.13 0.35
SWL0039   -14.37   -14.18   -13.75   -12.13   -12.90   -12.56   -12.40   -12.29   -12.27   -11.25   -10.13   -10.51   -10.72    -8.27    -7.34 -- 7.03 0.40
SWL0042   -21.47   -21.72   -20.83   -19.99   -20.43   -19.59   -19.99   -19.94   -20.23   -19.99   -18.45   -18.65   -17.48   -13.18   -10.78   -11.25 10.22 0.51
SWL0044 -- -- --   -16.81   -17.26   -17.08   -16.62   -17.13   -16.40   -15.13   -15.21   -15.39   -15.00    -9.68    -8.49    -9.39 7.42 0.39
SWL0045 -- -- -- --    -4.05    -4.14    -3.70    -4.03    -3.90 -- -- -- -- -- -- -- 0.15 0.12
SWL0046 -- -- -- --   -17.47   -17.08   -17.08   -16.29   -16.72   -16.44   -15.42   -15.62   -14.54   -10.65    -7.10    -7.69 9.78 0.52
SWL0049 -- -- -- --   -18.85   -18.52   -18.21   -17.95   -18.13   -17.14   -16.26   -16.16   -15.33   -12.36 -9.75* (-10.50) 9.10 0.56
SWL0051 -- -- -- --   -14.87 -16.10*   -15.20   -15.30   -15.66   -15.38   -13.72 -14.40*   -14.04   -10.94    -8.63    -9.66 5.21 0.28
SWL0057 -- -- -- -- -14.36*   -14.28   -14.52   -14.56   -14.41   -14.08   -12.61   -13.34   -12.99   -10.06    -7.91    -9.14 5.22 0.28
SWL0059 -- -- -- -- -- -- -- -- -- -- -- -- --   -10.36    -8.69    -9.60 0.76 0.10
SWL0068 -- -- -- -- -- -- -- -- -- -- -- -- -- --    -5.59    -5.78 -0.19 -0.07
XGW-07A   -21.58   -19.82 -17.94*   -18.11   -18.46   -17.86   -17.96   -17.97   -17.92   -16.76   -15.92    17.57   -15.28   -12.69    -8.94    -9.38 12.20 0.61
XMW-01   -19.75   -19.49   -19.27   -18.76   -18.48   -18.27   -17.87   -17.67   -17.53   -22.51   -15.56   -15.42 (-14.87) (-11.95) (-9.33) (-10.28) 4.33 0.73



XMW-01HD   -16.06   -16.15   -15.78   -15.41   -15.36   -15.19   -15.04   -15.02   -15.97   -14.61 --   -13.72   -13.35   -11.48    -8.83    -8.98 7.08 0.35
XMW-01T   -18.36   -18.39   -17.80   -17.43   -17.29   -16.98   -16.70   -16.53   -16.29   -15.49 -- -- -- -- -- -- 2.87 0.80
XMW-02 -- -- -- -- -- -- -- -- -- -- -- -- (-13.76) (-12.19) (-9.52) (-10.29) - -



XMW-02HD   -14.93   -15.10   -14.92   -14.40   -14.57   -14.52   -14.68   -14.58   -14.56 --   -13.55 --   -13.21   -11.30    -8.80    -8.95 5.98 0.30
XMW-02T   -18.52   -18.54   -17.98   -17.31   -17.41   -17.09   -16.82   -16.61   -16.36   -15.40 -- -- -- -- -- -- 3.12 0.87
XMW-03 --   -19.10 -- --   -18.17   -17.74   -17.34   -17.01   -17.14   -16.00   -15.12   -15.41 (-14.91) (-11.95) (-9.69) (-10.39) 3.69 0.64



XMW-03HD   -15.41   -15.54   -15.26   -14.68   -14.92   -14.78   -14.86   -14.76   -14.78   -14.24   -13.64   -13.54   -13.39   -11.21    -8.86    -9.27 6.14 0.30
XMW-04   -18.89   -18.79   -18.64   -18.14   -17.84   -17.47   -17.06   -16.78   -16.74   -15.81   -14.95   -14.91 (-14.59) (-11.80) (-9.53) (-10.31) 3.98 0.67



XMW-04HD   -19.36   -19.57   -18.62   -17.83   -18.34   -18.68   -18.01   -17.81   -18.21   -17.44   -16.88   -16.81   -15.55   -12.09    -9.77   -10.05 9.31 0.46
XMW-05   -18.98   -18.77   -18.58   -18.06   -17.79   -17.57   -17.16   -16.88   -16.89   -15.93   -14.97   -14.87 (-14.59) (-11.63) (-9.35) (-10.29) 4.11 0.69
XMW-06   -19.56   -19.40   -19.12   -18.77   -18.61   -18.03   -17.74   -17.46   -17.12   -16.59   -15.52 -- (-14.82) (-12.16) (-9.52) (-10.26) 4.04 0.89
XMW-07 -- -- -- --   -18.34 -- -- -- -- -- -- -- (-14.78) (-12.52) (-9.80) (-10.06) - -
XMW-08 -- -- -- --   -67.17 --   -66.23 -- -- -- -- -- (-20.49) (-11.81) (-9.31) (-9.82) 0.94 1.48
XMW-09   -18.87   -18.77   -18.45   -18.15   -17.93   -17.56   -17.06   -16.77   -16.89 -- --   -19.73 (-16.45) (-11.38) (-9.19) (-9.99) -0.86 -0.14
XMW-10   -18.91   -18.76   -18.45   -18.02   -17.73   -17.48   -17.02   -16.85   -16.87   -15.88   -14.86   -14.81 (-14.42) (-11.46) (-9.21) (-10.23) 4.10 0.69
XMW-11   -19.33   -19.32   -19.06   -18.53   -18.24   -18.05   -17.57   -17.42   -17.31   -16.52   -15.48   -15.35 (-14.77) (-11.77) (-9.38) (-10.29) 3.98 0.67
XMW-12   -19.20   -19.52   -19.11   -18.52   -18.35   -18.18   -17.69   -17.64   -17.44   -16.68   -15.65   -15.65 (-14.98) (-11.90) (-9.43) (-10.29) 3.55 0.60
XMW-13   -19.79   -19.62   -19.28   -18.57   -18.48   -18.17   -17.80   -17.77   -17.83   -16.69   -15.93   -15.85 (-15.15) (-12.03) (-9.66) (-10.48) 3.94 0.66
XMW-14   -19.71   -19.70   -19.42   -18.86   -18.68   -18.36   -18.04   -17.92   -17.94   -16.85   -15.51   -15.79 (-15.04) (-12.18) (-9.69)   -10.36 9.35 0.46
XMW-16 --   -19.96   -19.66 --   -19.05   -18.71   -18.26   -17.91   -17.72   -17.01   -16.18 -- (-15.11) (-12.44) (-9.71) (-10.08) 3.78 0.88
XMW-17 -- -- -- --   -18.48 -- -- -- -- -- -- -- (-14.75) (-12.12) (-9.67) (-9.92) - -
XMW-19   -18.34   -18.14   -17.94   -17.59   -17.38   -17.02   -16.49   -16.26   -16.42   -15.30   -14.24 -- (-14.20) -- (-9.07) (-10.11) 4.10 0.90
XMW-20   -18.40   -18.41   -18.06   -17.39   -17.18 -- -- -- --   -15.79   -14.96 --   -14.32   -11.64 -9.30* -- 9.10 0.52
XMW-21   -18.62   -18.84   -18.29   -18.37   -17.91   -17.48   -17.19   -17.15   -17.14   -16.19   -15.36   -15.51   -15.85 (-11.55) -9.53*   -10.26 8.36 0.42
XMW-22   -19.99   -20.02   -19.75   -19.20   -18.97   -18.49   -18.30   -17.97   -17.99   -17.18   -16.21 -- (-15.31) (-12.35) (-9.83) (-10.31) 3.78 0.83
XMW-23   -20.19   -20.25   -19.49   -18.67   -18.71   -18.42   -18.32   -18.25   -18.37   -17.72 -- --   -15.40 (-11.77) (-9.67) (-10.46) 1.31 0.17
XMW-24   -19.83   -19.81   -19.12   -18.35   -18.41   -18.21   -18.12   -18.05   -18.22   -17.36   -16.07   -16.53   -15.22 (-12.14)    -9.85 (-10.60) 1.54 0.20
XMW-25   -21.03   -21.04   -20.38   -19.77   -19.93   -19.40   -19.34   -18.82   -19.04   -18.70   -17.87   -22.36 (-16.68) (-12.93) (-10.70) (-11.07) 5.61 0.53
XMW-26   -20.09   -19.95   -19.74   -19.17   -18.84   -18.52   -18.24   -18.01   -17.97   -17.20   -16.01   -16.06 (-15.23) (-12.18) (-9.64) (-10.21) 4.03 0.67
XMW-27   -18.70   -18.65   -18.27   -17.90   -17.71   -17.42   -16.96   -16.93   -16.56   -15.92   -14.98   -15.01 (-14.45) (-11.48) (-9.27)   -10.26 8.44 0.42
XMW-28   -19.17   -19.33   -18.67   -18.61   -18.23 -17.98*   -17.57   -17.43   -17.52   -16.67 -15.79*   -15.72   -14.89 -- -9.88*   -10.57 8.60 0.43
XMW-29   -19.79   -19.76   -19.12   -18.56   -18.69   -18.29   -17.92   -17.95   -17.75   -16.98   -16.03   -15.73   -15.00   -11.85 (-9.80)   -10.39 9.40 0.47
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XMW-30   -19.89   -19.83   -19.25   -18.28   -18.44   -18.07   -18.03   -17.78   -18.01   -17.10   -16.00   -16.26 (-15.03) (-11.64) -9.59* (-10.16) 10.30 0.59
XMW-31 -- -- -- -- -- -- -- -- -- -- -- -- -- (-12.01) (-9.73) (-9.91) 2.10 0.27



XP-02   -19.43   -19.64   -17.50   -17.96   -18.08   -17.74   -17.47 --   -17.09   -15.41   -15.85   -16.05   -15.29   -11.80 -9.63*   -10.45 8.98 0.44
XUBT-01 -- -- -- -- -- -- -- -- -- -- -- -- (-14.88) (-12.38) (-9.83) (-10.40) 4.48 0.42
XUBT-02 -- -- -- -- -- -- -- -- -- -- -- -- (-14.91) (-11.99) (-9.85) (-10.42) 4.49 0.42
XUBT-03 -- -- -- -- -- -- -- -- -- -- -- -- (-14.88) (-11.90) (-9.86) (-10.40) 4.48 0.42
PZL0021   -20.01   -20.19   -19.22   -18.98   -18.88   -18.58   -13.42   -18.04   -17.87   -17.29   -15.26   -16.46   -15.91 -- -- -- 4.10 0.43
SWL0001   -18.09   -20.62   -18.28   -17.02   -17.23   -17.21 -- --   -30.53   -15.60   -14.82   -15.68   -14.56   -12.50 -9.29* -- 8.80 0.50
SWL0002   -18.43   -18.43   -18.07   -17.44   -17.31   -17.06 --   -16.56   -16.63   -15.78   -14.75   -14.52   -14.14   -11.03 -9.06*    -9.99 8.44 0.42
SWL0003   -18.97   -18.33   -17.91   -17.25   -17.14 -16.90* --   -16.48   -16.69   -15.53   -14.50   -14.58   -14.18   -10.79    -9.04    -9.86 9.11 0.45
SWL0004   -18.47   -18.51   -18.10   -17.57   -17.45   -17.07 --   -16.91   -17.18   -15.87   -15.02 --   -14.40   -11.06 -9.14*    -9.99 8.48 0.42
SWL0011   -20.19   -20.44   -19.25   -18.86   -19.05   -18.33   -18.71   -18.83   -18.60   -18.13   -17.46 --   -12.61   -10.73    -8.84 -- 11.35 0.65
SWL0019   -21.77   -22.07   -20.99   -20.55   -20.67   -19.49   -20.86   -20.78   -20.72   -19.97   -19.41   -19.39   -17.93   -13.60   -11.85   -11.91 9.86 0.49
SWL0023   -21.08   -21.36   -20.08   -19.88   -19.99   -19.05   -19.74   -19.94   -19.91   -19.18   -18.66   -18.74   -18.22   -13.05   -11.26   -11.59 9.49 0.47
SWL0029   -18.05   -18.10   -17.51   -17.10   -16.97   -16.66   -16.29   -16.27   -15.87   -15.05 -14.14*   -14.31   -13.85 -10.61*    -8.91   -10.03 8.02 0.40
SWL0032   -18.45   -18.63   -18.06   -17.45   -17.41   -17.12 --   -16.92   -17.33   -15.85   -15.09   -16.81   -14.51   -13.18    -9.39   -10.21 8.24 0.41
SWL0037   -19.13   -19.33   -18.28   -17.94   -17.98   -17.58   -17.53   -17.55   -17.58   -16.79   -15.79   -16.04   -15.19 -11.53*    -9.47   -10.31 8.82 0.44
SWL0041   -21.25   -21.68 -20.10*   -19.10   -19.21   -18.64   -18.81   -18.89   -18.70   -18.16   -17.40   -17.52   -16.47   -12.39   -10.50   -10.82 10.43 0.52
SWL0047 -- -- -- --   -17.77   -17.43   -17.27   -17.16   -17.06   -21.34   -15.39   -15.60   -14.84   -11.52    -9.53   -10.36 7.41 0.39
SWL0048 -- -- -- --   -18.43   -18.01   -17.90   -17.94   -17.93   -17.11   -16.00   -16.42   -15.52   -12.11    -9.80   -10.90 7.53 0.40
SWL0049 -- -- -- --   -18.85   -18.52   -18.21   -17.95   -18.13   -17.14   -16.26   -16.16   -15.33   -12.36 -9.75* (-10.50) 9.10 0.56
SWL0050 -- -- -- --   -18.85   -18.35   -18.32   -18.30   -18.00   -17.42   -16.73   -16.85   -15.96   -12.37   -10.26   -10.80 8.05 0.43
SWL0052 -- -- -- --   -19.15   -18.33   -18.86   -18.95   -18.74 --   -17.58   -17.69   -16.50   -12.40   -10.58   -10.85 8.30 0.44
SWL0056 -- -- -- -- -19.77*   -19.09   -19.63   -19.76   -19.54   -19.08   -18.15   -18.42   -17.21   -13.20   -11.03   -11.43 8.34 0.44
XG-01WC -- -- -22.36* -18.21*   -19.23   -18.63   -18.96   -28.79   -18.86   -18.33   -17.52   -17.67   -16.57   -12.62   -10.56   -11.01 11.35 0.58
XG-02WC -- -- -19.59* -19.38*   -19.97   -18.95   -18.82   -19.03   -19.07   -19.29   -17.50   -17.63   -16.39   -12.67   -10.57   -11.06 8.53 0.44
XGW-07C   -19.69   -20.93   -19.62   -20.26   -20.52 -19.55*   -20.39   -19.53   -19.79   -19.12   -18.28   -19.36   -16.99   -13.54   -10.84   -11.21 8.48 0.42
XMW-01   -19.75   -19.49   -19.27   -18.76   -18.48   -18.27   -17.87   -17.67   -17.53   -22.51   -15.56   -15.42 (-14.87) (-11.95) (-9.33) (-10.28) 4.59 0.43



XMW-01T   -18.36   -18.39   -17.80   -17.43   -17.29   -16.98   -16.70   -16.53   -16.29   -15.49 -- -- -- -- -- -- 2.87 0.80
XMW-02 -- -- -- -- -- -- -- -- -- -- -- -- (-13.76) (-12.19) (-9.52) (-10.29) 3.47 0.33



XMW-02T   -18.52   -18.54   -17.98   -17.31   -17.41   -17.09   -16.82   -16.61   -16.36   -15.40 -- -- -- -- -- -- 3.12 0.87
XMW-03 --   -19.10 -- --   -18.17   -17.74   -17.34   -17.01   -17.14   -16.00   -15.12   -15.41 (-14.91) (-11.95) (-9.69) (-10.39) 4.52 0.43
XMW-04   -18.89   -18.79   -18.64   -18.14   -17.84   -17.47   -17.06   -16.78   -16.74   -15.81   -14.95   -14.91 (-14.59) (-11.80) (-9.53) (-10.31) 4.28 0.40
XMW-05   -18.98   -18.77   -18.58   -18.06   -17.79   -17.57   -17.16   -16.88   -16.89   -15.93   -14.97   -14.87 (-14.59) (-11.63) (-9.35) (-10.29) 4.30 0.41
XMW-06   -19.56   -19.40   -19.12   -18.77   -18.61   -18.03   -17.74   -17.46   -17.12   -16.59   -15.52 -- (-14.82) (-12.16) (-9.52) (-10.26) 4.56 0.43
XMW-07 -- -- -- --   -18.34 -- -- -- -- -- -- -- (-14.78) (-12.52) (-9.80) (-10.06) 4.72 0.44
XMW-08 -- -- -- --   -67.17 --   -66.23 -- -- -- -- -- (-20.49) (-11.81) (-9.31) (-9.82) 10.67 1.00
XMW-09   -18.87   -18.77   -18.45   -18.15   -17.93   -17.56   -17.06   -16.77   -16.89 -- --   -19.73 (-16.45) (-11.38) (-9.19) (-9.99) 6.46 0.61
XMW-10   -18.91   -18.76   -18.45   -18.02   -17.73   -17.48   -17.02   -16.85   -16.87   -15.88   -14.86   -14.81 (-14.42) (-11.46) (-9.21) (-10.23) 4.19 0.39
XMW-11   -19.33   -19.32   -19.06   -18.53   -18.24   -18.05   -17.57   -17.42   -17.31   -16.52   -15.48   -15.35 (-14.77) (-11.77) (-9.38) (-10.29) 4.48 0.42
XMW-12   -19.20   -19.52   -19.11   -18.52   -18.35   -18.18   -17.69   -17.64   -17.44   -16.68   -15.65   -15.65 (-14.98) (-11.90) (-9.43) (-10.29) 4.69 0.44
XMW-13   -19.79   -19.62   -19.28   -18.57   -18.48   -18.17   -17.80   -17.77   -17.83   -16.69   -15.93   -15.85 (-15.15) (-12.03) (-9.66) (-10.48) 4.67 0.44
XMW-14   -19.71   -19.70   -19.42   -18.86   -18.68   -18.36   -18.04   -17.92   -17.94   -16.85   -15.51   -15.79 (-15.04) (-12.18) (-9.69)   -10.36 5.35 0.66
XMW-16 --   -19.96   -19.66 --   -19.05   -18.71   -18.26   -17.91   -17.72   -17.01   -16.18 -- (-15.11) (-12.44) (-9.71) (-10.08) 5.03 0.47
XMW-17 -- -- -- --   -18.48 -- -- -- -- -- -- -- (-14.75) (-12.12) (-9.67) (-9.92) 4.83 0.45
XMW-19   -18.34   -18.14   -17.94   -17.59   -17.38   -17.02   -16.49   -16.26   -16.42   -15.30   -14.24 -- (-14.20) -- (-9.07) (-10.11) 4.09 0.38
XMW-20   -18.40   -18.41   -18.06   -17.39   -17.18 -- -- -- --   -15.79   -14.96 --   -14.32   -11.64 -9.30* -- 9.10 0.52
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XMW-21   -18.62   -18.84   -18.29   -18.37   -17.91   -17.48   -17.19   -17.15   -17.14   -16.19   -15.36   -15.51   -15.85 (-11.55) -9.53*   -10.26 8.36 0.42
XMW-22   -19.99   -20.02   -19.75   -19.20   -18.97   -18.49   -18.30   -17.97   -17.99   -17.18   -16.21 -- (-15.31) (-12.35) (-9.83) (-10.31) 5.00 0.47
XMW-26   -20.09   -19.95   -19.74   -19.17   -18.84   -18.52   -18.24   -18.01   -17.97   -17.20   -16.01   -16.06 (-15.23) (-12.18) (-9.64) (-10.21) 5.02 0.47
XMW-27   -18.70   -18.65   -18.27   -17.90   -17.71   -17.42   -16.96   -16.93   -16.56   -15.92   -14.98   -15.01 (-14.45) (-11.48) (-9.27)   -10.26 5.18 0.64
XMW-28   -19.17   -19.33   -18.67   -18.61   -18.23 -17.98*   -17.57   -17.43   -17.52   -16.67 -15.79*   -15.72   -14.89 -- -9.88*   -10.57 8.60 0.43
XMW-29   -19.79   -19.76   -19.12   -18.56   -18.69   -18.29   -17.92   -17.95   -17.75   -16.98   -16.03   -15.73   -15.00   -11.85 (-9.80)   -10.39 9.40 0.47
XMW-30   -19.89   -19.83   -19.25   -18.28   -18.44   -18.07   -18.03   -17.78   -18.01   -17.10   -16.00   -16.26 (-15.03) (-11.64) -9.59* (-10.16) 4.87 0.46



XP-02   -19.43   -19.64   -17.50   -17.96   -18.08   -17.74   -17.47 --   -17.09   -15.41   -15.85   -16.05   -15.29   -11.80 -9.63*   -10.45 8.98 0.44
XP-03 -- -- -19.20*   -19.29   -19.22   -18.53   -18.89   -18.98   -18.78   -18.33   -17.56   -17.67   -16.85   -12.83   -10.83   -11.26 7.94 0.41



SWL0010   -20.10   -20.38   -19.07   -18.78   -18.94   -18.10   -18.79   -19.00   -18.92   -18.63   -17.66   -17.62   -16.38   -12.14   -10.69   -11.12 8.98 0.45
SWL0060 -- -- -- -- -- -- -- -- -- -- -- -- --   -12.29   -10.63   -10.93 1.36 0.17
SWL0013   -20.20   -20.48   -19.28   -18.88   -19.03   -18.37   -18.74   -18.87   -18.83   -18.22   -17.54 --   -15.01   -11.09    -9.06    -9.65 10.55 0.52
SWL0014   -21.56   -21.82   -20.71   -20.27   -20.42   -19.31   -20.14   -20.32   -20.29   -19.55   -18.91   -18.96   -16.48 -- -- -- 5.08 0.53
SWL0018   -19.89   -20.12   -19.23   -19.03   -18.74   -18.25   -18.27   -18.37   -18.38   -17.41 -16.73*   -16.85   -15.88   -12.30   -10.13   -10.94 8.95 0.44
SWL0027   -21.95   -22.15   -20.97   -20.62   -20.77   -19.67   -20.46   -20.66   -20.39   -19.87   -19.07   -19.24   -17.84   -13.67   -11.70 -- 10.25 0.58
SWL0030   -18.09   -18.13   -17.53   -17.14   -17.03   -16.67   -16.36   -16.22   -15.93   -15.11 -14.26*   -14.46   -13.87 -10.56*    -9.03   -10.15 7.94 0.39
SWL0033   -20.18   -20.34   -19.48   -18.95   -19.00   -18.52   -18.48   -18.45   -18.55   -17.58   -16.86   -16.97   -16.16   -12.40 -- -- 7.78 0.63
SWL0035   -19.19   -19.41   -18.38   -18.02   -18.08   -17.64   -17.63   -17.61   -17.63   -16.89   -15.91   -16.14   -15.24 -11.30*    -9.50   -10.08 9.11 0.45
SWL0040   -20.49   -20.25 -19.31*   -19.22   -19.35   -18.75   -19.03   -19.05   -18.79   -18.21   -17.54   -17.50   -16.27   -12.64   -10.51   -10.98 9.51 0.47
SWL0043   -22.31   -21.79   -20.66   -20.26   -20.40   -19.30   -20.11   -20.24   -21.15   -19.50   -18.86   -18.92 -- -- -- -- 3.39 0.57
SWL0053 -- -- -- --   -19.09   -18.24   -18.79   -18.88   -19.72   -18.21   -17.50   -17.57   -16.42   -12.31   -10.78   -10.66 8.43 0.45
SWL0054 -- -- -- -- -17.87*   -17.67   -17.47   -17.39   -17.48   -16.45   -15.60   -15.80 --   -11.60    -9.68   -10.39 7.48 0.40
SWL0055 -- -- -- -- -18.63*   -18.23   -18.22   -18.22   -17.99   -17.46   -16.69   -16.81   -15.90   -12.32   -10.40   -10.84 7.79 0.41
SWL0058 -- -- -- -- --   -18.17   -17.97   -17.95   -18.06   -17.18   -16.29   -16.39   -15.56   -12.26    -7.94   -10.55 7.62 0.41
SWL0061 -- -- -- -- -- -- -- -- -- -- -- -- -- -11.51*    -9.74   -10.50 1.01 0.13
SWL0064 -- -- -- -- -- -- -- -- -- -- -- -- --   -11.95    -9.86   -10.50 1.45 0.18
SWL0065 -- -- -- -- -- -- -- -- -- -- -- -- --   -11.71    -9.36    -9.95 1.76 0.22
XBF-01   -19.37   -19.45   -18.90   -18.48   -18.32   -17.71   -17.48   -17.30   -17.28   -16.10   -15.28   -15.78 (-15.19) (-11.80) (-10.05) (-10.52) 4.67 0.44
XBF-02   -19.39   -19.43   -19.03   -18.66   -18.57   -18.00   -17.63   -17.46   -17.45   -16.33   -15.61   -16.05 (-15.05) (-11.92) (-9.80) (-10.17) 4.88 0.46
XBF-03   -19.42   -19.36   -18.93   -18.57   -18.36   -17.92   -17.55   -17.41   -17.40   -16.29   -15.56   -15.97 (-15.24) (-12.85) (-9.99) (-10.57) 4.67 0.44
XBF-04   -19.37   -19.52   -19.01   -18.63   -18.45 --   -17.27   -17.36   -17.50   -16.35   -15.64   -16.05 (-15.12) (-12.11) (-9.84) (-10.31) 4.81 0.45
XBF-05   -19.30   -19.78   -19.02   -18.57   -18.52 --   -17.89   -17.89   -17.52   -16.95   -16.01   -16.21 -- (-11.95) (-9.93) (-10.63) 1.32 0.17
XBF-06   -19.29   -19.98   -19.32   -18.82   -18.78   -18.36   -18.15   -18.10   -18.16   -17.16   -16.46   -16.47 (-15.55) (-12.08) (-10.00)   -10.67 5.55 0.69
XBF-07   -19.91   -20.16   -19.55   -19.02   -18.99   -18.55   -18.29   -18.21   -18.20   -17.31   -16.60   -16.68 (-15.32) (-12.27) (-10.20) (-10.61) 4.71 0.44
XBF-09   -19.41   -19.46   -18.93   -18.55   -18.18   -17.87   -17.53   -18.55   -13.04   -16.02   -15.22   -15.76 (-15.06) (-11.76) (-11.01) (-10.41) 4.65 0.44
XBF-10   -21.32   -21.48   -20.44   -19.99   -20.12 -19.12*   -19.65   -19.85   -19.90   -19.06   -18.41   -18.55 (-17.57) (-13.21) (-11.11) (-11.50) 6.07 0.57
XBF-13   -20.53   -20.67   -19.57   -19.18   -19.27   -18.66   -18.96   -19.14   -19.16   -18.18   -17.57   -17.69 (-16.62) (-12.58) (-10.35)   -11.02 6.27 0.78
XBF-14   -20.59   -20.64   -19.83   -19.34   -19.35   -18.84   -18.84   -18.81   -18.90   -18.11   -17.03   -17.38 (-16.29) (-12.70) (-10.56) (-11.00) 5.29 0.50
XBF-15   -20.93   -21.01   -20.27   -19.76   -19.72   -19.25   -19.16   -20.55   -19.18   -18.40   -17.41   -17.64 (-16.26) (-12.63) (-10.43) (-10.87) 5.39 0.51
XBF-19   -19.29   -19.33   -18.59   -18.28   -18.16   -17.82   -17.52   -17.52   -17.26   -16.51   -15.66   -15.80 --   -11.73 (-9.68) (-10.61) -0.93 -0.37
XBF-20 -- -- -- --   -67.03 -- -- -- -- -- -- -- (-15.20) (-12.09) (-10.27) (-10.28) 4.92 0.46
XBF-23   -20.40   -20.52   -19.66 -19.16*   -19.18   -18.77   -18.69   -18.73   -18.81   -18.03 -17.32*   -17.26   -16.30   -12.56 (-10.37) (-10.76) -0.39 -0.15
XBF-34 -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.86) (-10.18) (-13.97) -2.11 -0.27
XBF-35 -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.72) (-9.95) (-9.95) 1.77 0.22



SWL0020   -23.62   -24.21   -22.40   -22.52   -22.76   -21.93   -23.37   -23.22   -23.07   -22.46   -22.07 --   -20.32 --   -14.25   -13.94 9.68 0.48
SWL0022   -22.47   -23.04   -21.33   -21.42   -21.41   -20.98   -21.65   -21.80   -21.62   -21.16   -20.55 --   -19.08   -14.52   -13.40   -13.39 9.08 0.45
SWL0025   -23.63   -24.30   -22.42   -22.50   -22.77   -21.96   -23.06   -23.56   -23.39   -22.77   -22.36   -21.78   -20.11   -15.00   -13.36   -13.43 10.20 0.51
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SWL0026   -23.17   -23.63   -21.98   -22.08   -22.18   -21.37   -22.12   -22.42   -22.20   -21.70   -21.12   -21.14   -19.51   -14.95 --   -13.25 9.92 0.49
SWL0031   -20.10   -20.54   -19.27   -19.23   -19.08   -18.49   -18.56   -18.55   -18.14   -17.38   -16.94   -17.47   -16.33 -12.41*   -11.59 -- 8.51 0.48
SWL0034   -21.62   -22.03   -20.67   -20.66   -20.64   -20.10   -20.34   -20.40   -20.28   -19.54   -19.13   -19.21 (-17.95)   -13.84 -- -- 7.78 0.63
SWL0036   -21.97   -22.39   -20.77   -20.98   -20.91   -20.34   -20.78   -21.07   -20.89   -20.16   -19.67   -19.90   -18.63 -14.27*   -12.99   -13.16 8.81 0.44
SWL0063 -- -- -- -- -- -- -- -- -- -- -- -- --   -13.51   -12.26   -12.57 0.94 0.12
SWL0066 -- -- -- -- -- -- -- -- -- -- -- -- --   -13.00   -11.88   -12.24 0.76 0.10
SWL0067 -- -- -- -- -- -- -- -- -- -- -- -- --   -12.64   -11.80 -- 0.84 0.16
XDA-1B   -22.90   -23.46   -21.82   -21.85   -21.97   -20.95   -22.08   -22.05   -21.95   -21.28   -20.86   -20.82   -24.65 -- -- -- -1.75 -0.18
XG-01   -19.01   -19.37   -19.25   -19.10   -18.89   -18.32   -18.11   -15.40   -17.88   -16.91   -16.44   -17.03 (-15.87) (-12.27) (-11.16) (-11.48) 4.39 0.41
XG-02   -20.41   -20.75   -19.65   -19.57   -19.41   -18.86   -18.76   -18.77   -18.67   -17.67   -17.15   -17.67 (-16.18) (-12.86) (-11.67) (-11.85) 4.33 0.41
XG-03   -20.17   -20.49   -19.49   -19.35   -20.15   -18.49   -18.30   -16.38   -18.24   -17.32   -16.78   -17.33 (-16.11) (-12.48) (-11.24) (-11.38) 4.73 0.44
XG-04   -20.70   -21.14   -19.89   -19.00   -19.66   -19.18   -19.18   -19.24   -18.77   -18.27   -17.67   -18.04 (-16.72) (-12.91) (-11.75) (-12.02) 4.70 0.44
XG-05   -20.81   -21.19   -20.01   -19.90   -19.79   -19.28   -19.29   -19.36   -19.15   -18.42   -17.95   -18.16 (-17.02) (-13.11) (-11.70) (-11.88) 5.14 0.48
XG-06   -20.86   -21.25   -20.03   -19.89   -19.90   -19.31   -19.28 -- --   -18.40   -18.02   -18.23 (-16.93) (-13.08) (-11.68) (-11.83) 5.10 0.48
XG-08   -21.48   -21.89   -20.60   -20.57   -20.54   -19.98   -20.12   -18.71   -20.09   -19.48   -18.81   -18.99 (-17.88) (-13.82) (-12.25) (-12.28) 5.60 0.53
XG-09   -22.74   -23.17   -21.64   -21.70   -21.77 --   -22.01   -21.90   -21.60   -21.11   -20.55   -20.66 (-19.19) (-14.61) (-13.10) (-13.12) 6.07 0.57
XG-11   -22.36   -22.86   -21.23   -21.35   -21.40   -20.84   -21.33   -21.58   -21.47   -20.84   -20.36   -20.39 (-19.04) (-14.46) (-13.19) (-13.36) 5.68 0.53
XG-12   -22.03   -22.49   -20.99   -20.97   -21.06   -20.43   -20.75   -20.94   -20.93   -20.18   -19.57 -- (-18.50) (-15.10) (-12.65) (-12.77) 5.73 0.54
XG-13   -22.02   -22.53   -21.03   -21.01   -21.05   -20.47   -20.72   -20.86   -20.75   -20.12   -19.49   -19.65 (-18.26) (-14.03) (-12.56) (-12.56) 5.70 0.54
XG-14   -20.45   -20.85   -19.61   -19.60   -19.43   -18.87   -18.86   -18.93   -18.49   -17.88   -17.37   -19.32   -16.58   -12.80 (-11.57) (-12.03) -0.46 -0.18
XG-15   -20.30   -20.59   -19.68   -22.13   -19.32   -18.74   -18.53   -21.07   -18.28   -17.52   -17.10   -17.50 (-17.88) (-12.53) (-11.17) (-11.18) 6.70 0.63
XG-16   -21.59   -22.00   -20.74   -20.70   -20.65   -20.12   -20.17   -20.19   -20.13   -19.50   -19.88   -19.05 (-17.63) (-13.68) (-12.15) (-12.10) 5.53 0.52
XG-17   -21.55   -21.95   -20.56   -20.58   -20.59   -20.01   -20.24   -20.40   -20.21   -19.51   -19.06 -- (-17.31) (-13.61) (-12.22) (-12.26) 5.05 0.47
XG-18   -23.00   -23.38   -24.09   -21.90   -22.03   -21.23   -21.82   -22.13   -21.85   -21.45   -20.85   -20.82 (-19.50) (-14.89) (-13.13) (-13.15) 6.35 0.60
XG-19   -22.74   -23.07   -21.67   -21.63   -21.73   -21.09   -21.45   -16.84   -21.40   -21.06   -20.54   -20.40 (-18.97) -- -- -- 2.34 0.39



XG-19A -- -- -- -- -- -- -- -- -- -- -- -- -- (-14.45) (-12.37) (-12.88) 1.57 0.20
XG-20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- (-11.00) (-11.02) -0.02 -0.01
XG-21 -- -- -- -- -- -- -- -- -- -- -- -- -- (-12.30) (-11.65) (-11.79) 0.51 0.06



XLG-01   -20.42   -20.75   -19.66   -19.58   -19.41   -18.87   -18.72   -21.45   -18.60   -17.66   -17.21   -17.68 (-16.45) (-12.73) (-11.48) (-11.68) 4.77 0.45
XLG-02   -20.18   -20.53   -19.51   -19.36   -19.22   -18.63   -18.41   -18.45   -18.32   -17.35   -16.88   -17.38 (-16.22) (-12.76) (-11.27) (-11.59) 4.63 0.44



Notes:
-- - Not Available
* = Measurement taken before purging during sample round.
All elevations in feet MSL.
Measurments in parenthesis "( )" provided by  Montrose.
Well SWL0032 contained 2.33 feet of NAPL during the September 2014 monitoring event
Well PZL0019 contained 1.65 feet of NAPL at the bottom of the well during the September 2014 monitoring event



Gage











TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep
MWC017 MBFC pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77)
MWC021 MBFC pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 51 9.6|J
Benzene µg/L -- -- -- 0.28|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
Dichlordifluoromethane µg/L -- -- -- 3.0 -- -- -- -- -- -- -- -- -- -- 5.3 2.9
Ethylbenzene µg/L -- -- -- 0.38|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Chloroform µg/L -- -- -- 3.1 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 1.8 -- -- -- -- -- -- -- -- -- -- -- --
Acetone µg/L -- -- -- 7.3|J -- -- -- -- -- -- -- -- -- -- -- --
Bromodichloromethane µg/L -- -- -- 0.68|J -- -- -- -- -- -- -- -- -- -- -- --
Chloroform µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 0.74|J -- -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- -- 17 -- -- -- -- -- -- -- -- -- -- --
n-Butylbenzene µg/L -- -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- --
sec-Butylbenzene µg/L -- -- -- -- 4.0 -- -- -- -- -- -- -- -- -- -- --
1,2-Dichloroethane µg/L -- -- -- -- 0.65 -- -- -- -- -- -- -- -- -- -- --
Ethylbenzene µg/L -- -- -- -- 780 -- -- -- -- -- -- -- -- -- -- --
2-Hexanone µg/L -- -- -- -- 24 -- -- -- -- -- -- -- -- -- -- --
Isopropylbenzene µg/L -- -- -- -- 9.2 -- -- -- -- -- -- -- -- -- -- --
n-Propylbenzene µg/L -- -- -- -- 5.5 -- -- -- -- -- -- -- -- -- -- --
Styrene µg/L -- -- -- -- 1.1 -- -- -- -- -- -- -- -- -- -- --
Toluene µg/L -- -- -- -- 2.3 -- -- -- -- -- -- -- -- -- -- --
m,p-Xylene µg/L -- -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- <2.1Ux| -- -- -- -- -- -- -- -- -- -- -- 0.18|J
sec-Butylbenzene µg/L -- -- -- 0.93|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,1-Dichloroethene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- -- 1.1
Tetrachloroethene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- 0.79|J -- -- -- -- -- -- -- -- -- -- -- <1.0



PZL0007 Water Table VOCs 8240/60 Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.40|J
Acetone µg/L -- -- -- 7.3|J -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- -- -- 72Jm| -- -- -- -- -- -- -- -- -- -- -- 11
n-Butylbenzene µg/L -- -- -- 2.1 -- -- -- -- -- -- -- -- -- -- -- <1.0
sec-Butylbenzene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 21
Chlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.27|J
Chloroform µg/L -- -- -- 0.51|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 71
1,2-Dichloroethane µg/L -- -- -- 6.3 -- -- -- -- -- -- -- -- -- -- -- <0.50
cis-1,2-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.88|J
trans-1,2-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.52|J
Ethylbenzene µg/L -- -- -- 23 -- -- -- -- -- -- -- -- -- -- -- 0.93|J
Isopropylbenzene µg/L -- -- -- 16 -- -- -- -- -- -- -- -- -- -- -- <1.0
n-Propylbenzene µg/L -- -- -- 0.19|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- 15 -- -- -- -- -- -- -- -- -- -- -- 0.58|J
Trichloroethene µg/L -- -- -- 0.46|J -- -- -- -- -- -- -- -- -- -- -- 4.0
1,2,4-Trimethylbenzene µg/L -- -- -- 0.44|J -- -- -- -- -- -- -- -- -- -- -- 0.74|J
m,p-Xylene µg/L -- -- -- 22 -- -- -- -- -- -- -- -- -- -- -- 0.99|J
o-Xylene µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Benzene µg/L -- -- -- <0.50 28 -- -- -- -- -- -- -- -- -- -- <0.50
Bromodichloromethane µg/L -- -- -- <1.0 1.6 -- -- -- -- -- -- -- -- -- -- <1.0
sec-Butylbenzene µg/L -- -- -- <1.0 1.6 -- -- -- -- -- -- -- -- -- -- <1.0
Chloroform µg/L -- -- -- 0.44|J <1.0 -- -- -- -- -- -- -- -- -- -- 0.87|J
1,2-Dichloroethane µg/L -- -- -- <0.50 7.6 -- -- -- -- -- -- -- -- -- -- <0.50



PZL0005



PZL0006



PZL0009



PZL0010



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



Water Table



Water Table



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Water Table



PZL0001



PZL0003



PZL0004



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Ethylbenzene µg/L -- -- -- <1.0 4.6 -- -- -- -- -- -- -- -- -- -- <1.0
2-Hexanone µg/L -- -- -- <10 41 -- -- -- -- -- -- -- -- -- -- <10
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.34Jf|J <1.0 -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- <1.0 2.8 -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- <1.0 1.2 -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2,700 400
Acetone µg/L -- -- -- <1,000 -- -- -- -- -- -- -- -- -- -- -- 15|J
tert-Amyl Methyl Ether (TAME) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8.7
Benzene µg/L -- -- -- 8,100 -- -- -- -- -- -- -- -- -- -- -- 120
sec-Butylbenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 0.90|J
Chlorobenzene µg/L -- -- -- 4.8|J -- -- -- -- -- -- -- -- -- -- -- 0.27|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 71
Ethylbenzene µg/L -- -- -- 470 -- -- -- -- -- -- -- -- -- -- -- 8.1
Isopropylbenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 0.68|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 23 -- -- -- -- -- -- -- -- -- -- -- 120
Naphthalene µg/L -- -- -- 27|J -- -- -- -- -- -- -- -- -- -- -- <10
n-Propylbenzene µg/L -- -- -- 5.7|J -- -- -- -- -- -- -- -- -- -- -- 0.18|J
Styrene µg/L -- -- -- 1,600 -- -- -- -- -- -- -- -- -- -- -- 17
Toluene µg/L -- -- -- 6,400 -- -- -- -- -- -- -- -- -- -- -- 71
1,2,4-Trimethylbenzene µg/L -- -- -- 8.7|J -- -- -- -- -- -- -- -- -- -- -- 0.70|J
m,p-Xylene µg/L -- -- -- 970 -- -- -- -- -- -- -- -- -- -- -- 13
o-Xylene µg/L -- -- -- 490 -- -- -- -- -- -- -- -- -- -- -- 6.3



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 580
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 450



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.95
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.0



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.3
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9.4



Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -75.8
Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4,600 2,800
Acetone µg/L -- -- -- <1,300 -- -- -- -- -- -- -- -- -- -- -- 78
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 19|J -- -- -- -- -- -- -- -- -- -- -- 3.2



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 740
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 690



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.95
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.8



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.6Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2,100



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -106.9
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130



VOCs 8240/60 Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 330,000
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 400



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150
Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.8



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.0050



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.0
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 55
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150



Benzene µg/L -- -- -- 0.68 -- -- -- -- -- -- -- -- -- -- -- <0.50
Chloroform µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- -- <1.0



PZL0014



PZL0011



PZL0012



PZL0013



VOCs



VOCs



Biodeg



VOCs



Biodeg



Biodeg



8240/60



300.0



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 2.0
Chloroform µg/L -- -- -- 12|J -- -- -- -- -- -- -- -- -- -- -- 8.6|J
1,1-Dichloroethane µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 5.6|J
cis-1,2-Dichloroethene µg/L -- -- -- 1,900 -- -- -- -- -- -- -- -- -- -- -- 1,500
trans-1,2-Dichloroethene µg/L -- -- -- 51 -- -- -- -- -- -- -- -- -- -- -- 28
Tetrachloroethene µg/L -- -- -- 910 -- -- -- -- -- -- -- -- -- -- -- 330
Trichloroethene µg/L -- -- -- 770 -- -- -- -- -- -- -- -- -- -- -- 400



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- 11 <500 <200 <200 <500 <10 --
Benzene µg/L -- -- -- -- -- -- -- -- -- 20,000 4,200 2,500 <0.50 6,300 1,700 <0.50
n-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- 1.1 <50 <20 <20 <50 <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- 4.7 <50 <20 <20 <50 <1.0 <1.0
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- 140 <50 <20 <1.0 <50 4.0 <1.0
Isopropylbenzene µg/L -- -- -- -- -- -- -- -- -- 8.3 <50 <20 <20 <50 <1.0 <1.0
Naphthalene µg/L -- -- -- -- -- -- -- -- -- 140 <500 <200 <200 <500 <10 <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- 3.3 <50 <20 <20 <50 <1.0 <1.0
Styrene µg/L -- -- -- -- -- -- -- -- -- 3.5 <50 <20 <20 <50 <1.0 <1.0
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- 2.8 <50 <20 <20 <50 2.2 1.1
Toluene µg/L -- -- -- -- -- -- -- -- -- 17 <50 <20 <20 <50 1.2 <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- 4.4 <50 <20 <20 <50 <1.0 <1.0
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- 1.2 <50 <20 <20 <50 <1.0 <1.0
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- <1.0 -- -- <20 -- 2.4 <1.0
o-Xylene µg/L -- -- -- -- -- -- -- -- -- <1.0 <50 <20 <20 <50 1.6 <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 46 -- -- <20 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 46 <50 <20 <20 <50 -- --



SVOCs 8270 Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 27 -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <5,000 -- <25,000 <25,000 <20,000 -- --



Benzene µg/L -- -- -- -- -- -- -- -- -- 350,000 -- 360,000 400,000 250,000 -- --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- 14,000 -- 8,800 5,900 4,800 -- --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- <5,000 -- <25,000 <25,000 <20,000 -- --



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 67 -- --
Styrene µg/L -- -- -- -- -- -- -- -- -- 570 -- <2,500 <2,500 <2,000 -- --
Toluene µg/L -- -- -- -- -- -- -- -- -- 550 -- <2,500 <2,500 <2,000 -- --
Bis(2-Ethylhexyl) Phthalate µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 84 -- --
1-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 12 -- --
2-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 18 -- --
Phenanthrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 11 -- --
Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 120 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <50,000 -- <25,000 <25,000 <20,000 -- <5,000
Benzene µg/L -- -- -- 290,000 -- -- -- -- -- 530,000 -- 410,000 370,000 190,000 -- 280,000
1,2-Dichloroethane µg/L -- -- -- 170 -- -- -- -- -- <2,500 -- <1,300 <1,300 <1,000 -- <250
Ethylbenzene µg/L -- -- -- 15,000 -- -- -- -- -- 14,000 -- 15,000 13,000 5,800 -- 9,800
Isopropylbenzene µg/L -- -- -- 140|J -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- <500
Naphthalene µg/L -- -- -- 180|J -- -- -- -- -- <50,000 -- <25,000 <25,000 <20,000 -- <5,000



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 170 -- --
n-Propylbenzene µg/L -- -- -- 52|J -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- <500
Toluene µg/L -- -- -- 1,600 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 970
1,2,4-Trimethylbenzene µg/L -- -- -- 310 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 240|J
Vinyl Chloride µg/L -- -- -- 61|J -- -- -- -- -- <2,500 -- <1,300 <1,300 <1,000 -- <250
m,p-Xylene µg/L -- -- -- 1,200 -- -- -- -- -- <5,000 -- -- <2,500 -- -- 470|J
o-Xylene µg/L -- -- -- 690 -- -- -- -- -- <5,000 -- <2,500 <2,500 <2,000 -- 360|J



SVOCs 8270 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- All ND -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --



VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- All ND -- All ND All ND All ND -- All ND
SVOCs 8270 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- All ND -- --



PZL0016



PZL0018



PZL0019



PZL0020



PZL0022



PZL0024



VOCs



VOCs



VOCs



SVOCs



VOCs



8240/60



8240/60



8240/60



8270



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- <10 <10 <10 -- --
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- All ND All ND All ND -- All ND
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- <10 <10 <10 -- --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- 0.63 <0.50 <0.50 -- <0.50
tert-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- <1.0 <1.0 <1.0 -- 0.50|J
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- <0.50 <0.50 <0.50 -- 3.5



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 670



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 430
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- 0.20 0.41



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.6
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.4



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.4
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -100 -45.90
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 280



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 73,000 76,000
Acetone µg/L -- -- -- 390|J -- -- -- -- -- -- -- -- -- -- -- <500
Benzene µg/L -- -- -- 91 -- -- -- -- -- -- -- -- -- -- -- 53
Chlorobenzene µg/L -- -- -- <20 -- -- -- -- -- -- -- -- -- -- -- 8.7|J
m,p-Xylene µg/L -- -- -- 11|J -- -- -- -- -- -- -- -- -- -- -- 11|J
Benzene µg/L -- -- -- <19Ux| -- -- -- -- -- -- -- -- -- -- -- 0.48|J
1,1-Dichloroethane µg/L -- -- -- 1.8|J -- -- -- -- -- -- -- -- -- -- -- 0.67|J
1,1-Dichloroethene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- -- 2.0
cis-1,2-Dichloroethene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 4.7
trans-1,2-Dichloroethene µg/L -- -- -- 9.8 -- -- -- -- -- -- -- -- -- -- -- 1.1
Tetrachloroethene µg/L -- -- -- 350 -- -- -- -- -- -- -- -- -- -- -- 230
Toluene µg/L -- -- -- <2.0 -- -- -- -- -- -- -- -- -- -- -- 0.24|J
Trichloroethene µg/L -- -- -- 130 -- -- -- -- -- -- -- -- -- -- -- 44
Benzene µg/L -- -- -- 170,000Jm| -- -- -- -- -- -- -- -- -- -- -- 2.1
1,1-Dichloroethane µg/L -- -- -- 180 -- -- -- -- -- -- -- -- -- -- -- 180
1,2-Dichloroethane µg/L -- -- -- <100 -- -- -- -- -- -- -- -- -- -- -- 1.2
1,1-Dichloroethene µg/L -- -- -- 230 -- -- -- -- -- -- -- -- -- -- -- 220
cis-1,2-Dichloroethene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- -- 19
trans-1,2-Dichloroethene µg/L -- -- -- 71 -- -- -- -- -- -- -- -- -- -- -- 7.1
Tetrachloroethene µg/L -- -- -- 440 -- -- -- -- -- -- -- -- -- -- -- 52
Toluene µg/L -- -- -- <2,500 -- -- -- -- -- -- -- -- -- -- -- 0.56|J
Trichloroethene µg/L -- -- -- 2,400|J -- -- -- -- -- -- -- -- -- -- -- 110
Vinyl Chloride µg/L -- -- -- <100 -- -- -- -- -- -- -- -- -- -- -- 1.0



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 860
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 330



Field Dissolved Oxygen mg/L -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- -- 0.93
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.2
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.9



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -146.5
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11



Benzene µg/L -- -- -- 610,000Jm| -- -- -- -- -- -- -- -- -- -- -- 46,000
1,1-Dichloroethane µg/L -- -- -- <50 -- -- -- -- -- -- -- -- -- -- -- 83|J
Ethylbenzene µg/L -- -- -- <5,000 -- -- -- -- -- -- -- -- -- -- -- 44|J
Tetrachloroethene µg/L -- -- -- 62 -- -- -- -- -- -- -- -- -- -- -- <250
Trichloroethene µg/L -- -- -- 530 -- -- -- -- -- -- -- -- -- -- -- <250



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
VOCs 8240/60 Benzene µg/L -- -- -- 0.43|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



SWL0002



SWL0003



SWL0004



SWL0005



PZL0025



PZL0026



VOCs



VOCs



Biodeg



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 86



Field Dissolved Oxygen mg/L -- -- -- 0.90 -- -- -- -- -- -- -- -- -- -- 0.10 0.94
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
SM3500-FeD Iron (II) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.2
RSK-175M Methane µg/L -- -- -- 8.3 -- -- -- -- -- -- -- -- -- -- -- 5.4



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- 0.26
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130 -18.50
300.0 Sulfate mg/L -- -- -- 170 -- -- -- -- -- -- -- -- -- -- -- 170



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- -- -- -- -- -- All ND All ND



Benzene µg/L -- -- -- 3.0 -- -- -- -- -- -- -- -- -- -- -- 0.15|J
Chloroform µg/L -- -- -- 0.77|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Freon 11 (Trichlorofluoromethane) µg/L -- -- -- 3.9|J -- -- -- -- -- -- -- -- -- -- -- 6.5|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.25|J
Trichloroethene µg/L -- -- -- 1.0|J -- -- -- -- -- -- -- -- -- -- -- 0.46|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660
8270 Bis(2-Chloroethoxy) Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 250
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.21



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.9
SM3500-FeD Iron (II) mg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54
RSK-175M Methane µg/L -- -- -- 0.17|J -- -- -- -- -- -- -- -- -- -- -- 620



300.0 Nitrate (as N) mg/L -- -- -- <0.20 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -116.5
300.0 Sulfate mg/L -- -- -- 54 -- -- -- -- -- -- -- -- -- -- -- 8.3



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- 100 -- 61 69 <10 -- 36
Benzene µg/L -- -- -- 21,000 -- -- -- -- -- 810 -- 340 140 52 -- 12
n-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- 33 -- 27 18 13 -- 1.3
sec-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- 22 -- 25 23 18 -- 16
tert-Butylbenzene µg/L -- -- -- <200 -- -- -- -- -- <5.0 -- <2.0 <1.0 68 -- 0.60|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- <5.0 -- <2.0 <1.0 <1.0 -- 19
1,2-Dichloroethane µg/L -- -- -- <50 -- -- -- -- -- <2.5 -- <1.0 <0.50 4.0 -- 3.2
cis-1,2-Dichloroethene µg/L -- -- -- <25 -- -- -- -- -- <5.0 -- <2.0 1.6 1.1 -- 1.9
Ethylbenzene µg/L -- -- -- 2,000 -- -- -- -- -- 300 -- 25 12 10 -- 0.31|J
Isopropylbenzene µg/L -- -- -- 100|J -- -- -- -- -- 1,100 -- 54 36 35 -- 3.6
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <200 -- -- -- -- -- <5.0 -- <2.0 <1.0 <1.0 -- 0.66|J
Naphthalene µg/L -- -- -- 290|J -- -- -- -- -- 150 -- 64 <10 15 -- <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 12 -- --
n-Propylbenzene µg/L -- -- -- 300 -- -- -- -- -- 330 -- 120 67 82 -- 3.1
Toluene µg/L -- -- -- <200 -- -- -- -- -- 8.3 -- 8.3 <1.0 2.9 -- 0.59|J
1,1,2-Trichloro-1,2,2-Trifluoroethane µg/L -- -- -- 160|J -- -- -- -- -- <50 -- <20 <10 <10 -- <10
Trichloroethene µg/L -- -- -- <10 -- -- -- -- -- <5.0 -- 4.3 5.5 5.3 -- 2.1
1,2,4-Trimethylbenzene µg/L -- -- -- 790 -- -- -- -- -- 280 -- <2.0 <1.0 <1.0 -- <1.0
1,3,5-Trimethylbenzene µg/L -- -- -- <200 -- -- -- -- -- 5.8 -- <2.0 <1.0 <1.0 -- <1.0
m,p-Xylene µg/L -- -- -- 81|J -- -- -- -- -- <5.0 -- -- <1.0 -- -- <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 140 -- -- 3.1 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 140 -- 5.2 3.1 1.6 -- --
Benzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- -- <0.50
Chlorobenzene µg/L -- -- -- 0.22|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Chloroform µg/L -- -- -- 0.61|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- -- -- 0.87|J -- -- -- -- -- -- -- -- -- -- -- 0.77|J
1,1-Dichloroethane µg/L -- -- -- 38 -- -- -- -- -- -- -- -- -- -- -- 19



SWL0006



SWL0007



SWL0008



SWL0009



Biodeg



VOCs



Biodeg



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,2-Dichloroethane µg/L -- -- -- 1.6 -- -- -- -- -- -- -- -- -- -- -- 0.95
cis-1,2-Dichloroethene µg/L -- -- -- 19 -- -- -- -- -- -- -- -- -- -- -- 9.8
Tetrachloroethene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- -- 6.7
Trichloroethene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- -- 5.6
Vinyl Chloride µg/L -- -- -- 0.89 -- -- -- -- -- -- -- -- -- -- -- 0.35|J



SWL0010 MBFB/MBFC VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.60|J
SWL0011 MBFB TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.43|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.3
sec-Butylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.28|J
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.2
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.69|J
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.2
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.20|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.86|J
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.61|J
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.46|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
sec-Butylbenzene µg/L -- -- -- 0.68|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Chloroform µg/L -- -- -- 0.40|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,1-Dichloroethane µg/L -- -- -- 0.59|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,1-Dichloroethene µg/L -- -- -- 5.5 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- 60 -- -- -- -- -- -- -- -- -- -- 17 8.7
Trichloroethene µg/L -- -- -- 1.7 -- -- -- -- -- -- -- -- -- -- <1.0 0.75|J
Benzene µg/L -- -- -- 3.2 -- -- -- -- -- -- -- -- -- -- -- <0.50Ux|J
Chloroform µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- <1.0
Chloromethane µg/L -- -- -- 16 -- -- -- -- -- -- -- -- -- -- -- <10
Naphthalene µg/L -- -- -- 0.83Jf|J -- -- -- -- -- -- -- -- -- -- -- <10
1,2,3-Trichlorobenzene µg/L -- -- -- 0.31Jf|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Benzene µg/L -- -- -- 0.30|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.87|J
1,1-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.71|J
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.37|J
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.61|J
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.77



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 910
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 950



Field Dissolved Oxygen mg/L -- -- -- 0.70 -- -- -- -- -- -- -- -- -- -- 0.0 0.090
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.0



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.8
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 50



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 97 -94.40
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 48 120
Benzene µg/L -- -- -- 21 -- -- -- -- -- -- -- -- -- -- 0.57 0.46|J
n-Butylbenzene µg/L -- -- -- 2.8|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- <1.0 1.4
Chlorobenzene µg/L -- -- -- 300 -- -- -- -- -- -- -- -- -- -- 13 12
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <2.0 0.48|J
1,2-Dichlorobenzene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- <1.0 1.2



SWL0015



SWL0016



SWL0017



SWL0018



SWL0019



SWL0021



SWL0013



VOCs



VOCs



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



Water Table



Water Table



Water Table



MBFC



MBFB



Water Table
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,4-Dichlorobenzene µg/L -- -- -- 1.1|J -- -- -- -- -- -- -- -- -- -- 10 15
1,1-Dichloroethane µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 35 4.4
1,2-Dichloroethane µg/L -- -- -- 460 -- -- -- -- -- -- -- -- -- -- 19 4.0
1,1-Dichloroethene µg/L -- -- -- 1.7|J -- -- -- -- -- -- -- -- -- -- 3.4 <1.0
cis-1,2-Dichloroethene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 84 18
trans-1,2-Dichloroethene µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 1.6 <1.0
1,2-Dichloropropane µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 14 5.3
Ethylbenzene µg/L -- -- -- 2.0|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Isopropylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.33|J
Tetrachloroethene µg/L -- -- -- 8.3 -- -- -- -- -- -- -- -- -- -- 2.1 <1.0
Trichloroethene µg/L -- -- -- 77 -- -- -- -- -- -- -- -- -- -- 11 1.6
Vinyl Chloride µg/L -- -- -- <2.5 -- -- -- -- -- -- -- -- -- -- 14 1.9



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.98|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210 88



Acetone µg/L -- -- -- 25|J -- -- -- -- -- -- -- -- -- -- 74 16|J
Chloromethane µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- <10 <10
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <2.0 0.48|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 3.5 -- -- -- -- -- -- -- -- -- -- 3.3 4.5
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.80|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- 0.0 1.0
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.43



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.96
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 120 -17.10
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 200



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
1,1-Dichloroethane µg/L -- -- -- 1.4 -- -- -- -- -- -- -- -- -- -- 1.7 1.6
cis-1,2-Dichloroethene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 5.9 4.6
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.82|J
Trichloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 13 10
Vinyl Chloride µg/L -- -- -- 0.75 -- -- -- -- -- -- -- -- -- -- 0.62 <0.50



SWL0025 Gage VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.80|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10/<10) (<10)



Benzene µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- (0.65/0.56) (<0.50)
Chlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (89/17) (0.73)
Chloroform µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (0.70/0.84) (<0.50)
1,2-Dichloroethane µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- (<0.50/1.2) (<0.50)
1,2,3-Trichlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- (0.33|J/<0.50) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (75/190) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (110)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



Chlorobenzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 1.2
Benzene µg/L -- -- -- 0.65 -- -- -- -- -- -- -- -- -- -- -- <5.0
Chloroform µg/L -- -- -- 8.6 -- -- -- -- -- -- -- -- -- -- -- 8.6|J
Dichlordifluoromethane µg/L -- -- -- 3.8 -- -- -- -- -- -- -- -- -- -- -- <10



SWL0026



SWL0027



SWL0028



SWL0029



SWL0022



SWL0023



SWL0024



VOCs



pCBSA



VOCs



VOCs



VOCs



Biodeg



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



MBFB



Water Table



Gage



MBFC



Water Table



MBFB
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,2-Dichlorobenzene µg/L -- -- -- 0.19|J -- -- -- -- -- -- -- -- -- -- -- <10
1,1-Dichloroethane µg/L -- -- -- 4.0 -- -- -- -- -- -- -- -- -- -- -- <10
1,2-Dichloroethane µg/L -- -- -- 0.26|J -- -- -- -- -- -- -- -- -- -- -- <5.0
1,1-Dichloroethene µg/L -- -- -- 0.80|J -- -- -- -- -- -- -- -- -- -- -- 5.1|J
cis-1,2-Dichloroethene µg/L -- -- -- 51 -- -- -- -- -- -- -- -- -- -- -- 45
trans-1,2-Dichloroethene µg/L -- -- -- 7.1 -- -- -- -- -- -- -- -- -- -- -- <10
Freon 11 (Trichlorofluoromethane) µg/L -- -- -- 6.1|J -- -- -- -- -- -- -- -- -- -- -- <100
Tetrachloroethene µg/L -- -- -- 800 -- -- -- -- -- -- -- -- -- -- -- 270
1,1,2-Trichloro-1,2,2-Trifluoroethane µg/L -- -- -- 1.6|J -- -- -- -- -- -- -- -- -- -- -- <100
1,2,4-Trichlorobenzene µg/L -- -- -- 0.35|J -- -- -- -- -- -- -- -- -- -- -- <10
Trichloroethene µg/L -- -- -- 2,600 -- -- -- -- -- -- -- -- -- -- -- 1,900
1,1-Dichloroethene µg/L -- -- -- 0.55|J -- -- -- -- -- -- -- -- -- -- -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 0.80|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 7.6 -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- 40 -- -- -- -- -- -- -- -- -- -- -- 0.49|J
cis-1,2-Dichloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 2.2 -- -- -- -- -- -- -- -- -- -- -- --
Benzene µg/L -- -- -- 660,000Jm| -- -- -- -- -- -- -- -- -- -- -- --
1,1-Dichloroethene µg/L -- -- -- 58 -- -- -- -- -- -- -- -- -- -- -- --
cis-1,2-Dichloroethene µg/L -- -- -- 220 -- -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene µg/L -- -- -- 1,000 -- -- -- -- -- -- -- -- -- -- -- --
Trichloroethene µg/L -- -- -- 5,100 -- -- -- -- -- -- -- -- -- -- -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,000) (<400)
Benzene µg/L -- -- -- 5.3 -- -- -- -- -- -- -- -- -- -- (<100) (33)
Chlorobenzene µg/L -- -- -- 3,600 -- -- -- -- -- -- -- -- -- -- (4,400) (6,300)
1,2-Dichlorobenzene µg/L -- -- -- 2.5Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
1,4-Dichlorobenzene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- (<100) (17|J)
1,2-Dichloroethane µg/L -- -- -- 60 -- -- -- -- -- -- -- -- -- -- (<100) (8.3|J)
Ethylbenzene µg/L -- -- -- 0.80Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Isopropylbenzene µg/L -- -- -- 2.3|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
n-Propylbenzene µg/L -- -- -- 0.67Jf|J -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Tetrachloroethene µg/L -- -- -- 8.9 -- -- -- -- -- -- -- -- -- -- (<100) (<20)
Trichloroethene µg/L -- -- -- 48 -- -- -- -- -- -- -- -- -- -- (<100) (<20)
m,p-Xylene µg/L -- -- -- 1.5Jf|J -- -- -- -- -- -- -- -- -- -- -- (<20)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (39,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (67)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.52)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.28|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.4)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
SWL0035 MBFC VOCs 8240/60 All Analytes µg/L -- -- -- All ND -- -- -- -- -- -- -- -- -- -- -- All ND



Ethylbenzene µg/L -- -- -- 0.52|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.55|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 240
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31



Field Dissolved Oxygen mg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- 0.50 1.1
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.084|J



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.17
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -1 -95.60
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 79



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
sec-Butylbenzene µg/L -- -- -- 3.2 -- -- -- -- -- -- -- -- -- -- 10 0.72|J



SWL0036



SWL0037



SWL0030



SWL0031



SWL0032



SWL0033



SWL0034



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



Gage



MBFB



MBFC



Gage



Gage



MBFB
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



1,1-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.4 1.1
Isopropylbenzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- 0.53|J -- -- -- -- -- -- -- -- -- -- 2.3 1.7
Trichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0UJm| 0.53|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 280
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 63



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.31
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -51.20
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 94



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- All ND
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 23 <250



Benzene µg/L -- -- -- -- 1,100 -- -- -- -- -- -- -- -- -- -- 4,700
cis-1,2-Dichloroethene µg/L -- -- -- -- 19 -- -- -- -- -- -- -- -- -- -- <25
Ethylbenzene µg/L -- -- -- -- 50 -- -- -- -- -- -- -- -- -- -- 250
Methylene chloride µg/L -- -- -- -- 110 -- -- -- -- -- -- -- -- -- -- <250
Tetrachloroethene µg/L -- -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <25
Trichloroethene µg/L -- -- -- -- 130 -- -- -- -- -- -- -- -- -- -- <25



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 22 24
Benzene µg/L -- -- -- 11,000 -- -- -- -- -- -- -- -- -- -- -- 1.8
sec-Butylbenzene µg/L -- -- -- 3.8|J -- -- -- -- -- -- -- -- -- -- -- 1.2
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.0|J
Ethylbenzene µg/L -- -- -- 1,100 -- -- -- -- -- -- -- -- -- -- -- 0.59|J
Isopropylbenzene µg/L -- -- -- 7.0|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Naphthalene µg/L -- -- -- 12|J -- -- -- -- -- -- -- -- -- -- -- <10
n-Propylbenzene µg/L -- -- -- 3.7|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Toluene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 0.79|J
m,p-Xylene µg/L -- -- -- 20 -- -- -- -- -- -- -- -- -- -- -- <1.0
o-Xylene µg/L -- -- -- 2.8|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 90 77
Benzene µg/L -- -- -- 0.75 -- -- -- -- -- -- -- -- -- -- 1.1 1.5
sec-Butylbenzene µg/L -- -- -- 0.75|J -- -- -- -- -- -- -- -- -- -- <1.0 1.5
Chlorobenzene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- 5.0 2.8
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 14
Dichlordifluoromethane µg/L -- -- -- 0.97|J -- -- -- -- -- -- -- -- -- -- 1.2 <1.0
1,2-Dichlorobenzene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- 1.1 0.89|J
1,4-Dichlorobenzene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- 13 9.2
1,1-Dichloroethane µg/L -- -- -- 2.3 -- -- -- -- -- -- -- -- -- -- 2.0 0.73|J
1,2-Dichloroethane µg/L -- -- -- 0.99 -- -- -- -- -- -- -- -- -- -- 0.84 <0.50
1,1-Dichloroethene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- 1.3 <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 79 -- -- -- -- -- -- -- -- -- -- 100 40
trans-1,2-Dichloroethene µg/L -- -- -- 1.9 -- -- -- -- -- -- -- -- -- -- 1.3 4.3
1,2-Dichloropropane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.9 <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.17|J
Isopropylbenzene µg/L -- -- -- 0.48|J -- -- -- -- -- -- -- -- -- -- <1.0 0.87|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 11
n-Propylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.19|J
Tetrachloroethene µg/L -- -- -- 0.58|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.61|J
Trichloroethene µg/L -- -- -- 5.6 -- -- -- -- -- -- -- -- -- -- 6.9 6.9
Vinyl Chloride µg/L -- -- -- 9.4 -- -- -- -- -- -- -- -- -- -- 8.7 8.8



SVOCs 8270 1-Methylnaphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 29 -- --



SWL0038



SWL0040



SWL0041



SWL0042



SWL0044



Biodeg



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



Water Table



MBFC



MBFB



Water Table



Water Table
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <20 <10 <10 <10 --
Benzene µg/L -- -- -- 56,000 -- -- -- -- -- 28 -- 4.5 50 1.1 0.82 2.1
n-Butylbenzene µg/L -- -- -- <500 -- -- -- -- -- 1.4 -- <2.0 <1.0 <1.0 <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- <500 -- -- -- -- -- 8.2 -- 8.2 5.0 4.0 3.2 1.7
Chlorobenzene µg/L -- -- -- <500UJm| -- -- -- -- -- <1.0 -- <2.0 <1.0 <1.0 <1.0 0.26|J
Ethylbenzene µg/L -- -- -- 1,600 -- -- -- -- -- 15 -- 6.8 6.8 4.6 1.4 0.25|J
Isopropylbenzene µg/L -- -- -- <500 -- -- -- -- -- 6.2 -- 5.0 7.0 4.6 2.6 1.5
Naphthalene µg/L -- -- -- 2,700|J -- -- -- -- -- 510 -- 230 94 17 <10 <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 17 -- --
n-Propylbenzene µg/L -- -- -- <500 -- -- -- -- -- 4.2 -- 3.0 2.0 1.6 <1.0 0.63|J
Styrene µg/L -- -- -- <500 -- -- -- -- -- 6.1 -- <2.0 1.9 <1.0 <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <500 -- -- -- -- -- 2.2 -- 2.3 1.5 1.3 1.1 <1.0
Toluene µg/L -- -- -- 430|J -- -- -- -- -- 16 -- 6.9 7.3 3.5 1.6 <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- <500 -- -- -- -- -- 3.8 -- <2.0 2.0 <1.0 <1.0 <1.0
Vinyl Chloride µg/L -- -- -- <250UJm| -- -- -- -- -- <0.50 -- 7.9 <0.50 <0.50 <0.50 <0.50
m,p-Xylene µg/L -- -- -- <500 -- -- -- -- -- <1.0 -- -- <1.0 -- 1.5 0.53|J
o-Xylene µg/L -- -- -- <500 -- -- -- -- -- <1.0 -- <2.0 <1.0 <1.0 1.5 <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- 16 -- -- 14 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- 16 -- <2.0 14 6.6 -- --



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 530
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 2.2
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.0050
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12Jh|
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 38
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 240



VOCs 8240/60 Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 1.2
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 300



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 94
Field Dissolved Oxygen mg/L -- -- -- 0.10 -- -- -- -- -- -- -- -- -- -- -- 0.080



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.41
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.54



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 260
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -228.3
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 98



Acetone µg/L -- -- -- 11|J -- -- -- -- -- -- -- -- -- -- -- <20
sec-Butylbenzene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 0.99|J
Isopropylbenzene µg/L -- -- -- 2.5 -- -- -- -- -- -- -- -- -- -- -- <1.0
n-Propylbenzene µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- -- <1.0



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 790
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390



Field Dissolved Oxygen mg/L -- -- -- 0.10 -- -- -- -- -- -- -- -- -- -- -- 0.36
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.5
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 34



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -165.1
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 16



Benzene µg/L -- -- -- 180,000 -- -- -- -- -- -- -- -- -- -- -- 180,000
Ethylbenzene µg/L -- -- -- 26,000 -- -- -- -- -- -- -- -- -- -- -- 24,000
Toluene µg/L -- -- -- <2,500 -- -- -- -- -- -- -- -- -- -- -- 500|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| (<200)



SWL0048



SWL0049



SWL0046



SWL0047 Biodeg



VOCs



Biodeg



VOCs



VOCs



Biodeg



8240/60



8240/60



8240/60



8240/60



Water Table



MBFB



MBFB



Water Table
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Benzene µg/L -- -- -- 1.7 -- -- -- -- -- -- -- -- -- -- 39 (100)
2-Butanone (MEK) µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 10 (<200)
n-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 4.6 (<10)
sec-Butylbenzene µg/L -- -- -- 0.44|J -- -- -- -- -- -- -- -- -- -- 5.6 (6.2|J)
Chlorobenzene µg/L -- -- -- 7.8 -- -- -- -- -- -- -- -- -- -- 2,900 (8,700)
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130 --
Dichlordifluoromethane µg/L -- -- -- 0.81|J -- -- -- -- -- -- -- -- -- -- <1.0 (<40)
1,2-Dichlorobenzene µg/L -- -- -- 0.64|J -- -- -- -- -- -- -- -- -- -- 3.9 (12)
1,4-Dichlorobenzene µg/L -- -- -- 10 -- -- -- -- -- -- -- -- -- -- 11 (28)
1,1-Dichloroethane µg/L -- -- -- 47 -- -- -- -- -- -- -- -- -- -- <1.0 (<10)
1,2-Dichloroethane µg/L -- -- -- 21 -- -- -- -- -- -- -- -- -- -- 280Jm| (140)
1,1-Dichloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 1.3 (<10)
cis-1,2-Dichloroethene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- 3.5 (<10)
trans-1,2-Dichloroethene µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- <1.0 (<10)
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 6.5 (7.6|J)
Isopropylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 7.2 (6.8|J)
Tetrachloroethene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 61 (250)
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.5 (<10)
1,2,4-Trichlorobenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.6 (16)
Trichloroethene µg/L -- -- -- 30 -- -- -- -- -- -- -- -- -- -- 91Jm| (140)
Vinyl Chloride µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- <0.50 (<10)
m,p-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 2.8 (<20)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25,000)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 590



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180
Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.062|J
SM3500-FeD Iron (II) mg/L -- -- -- 6.6 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.8Jm|
RSK-175M Methane µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- -- 5.8



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -256.4
300.0 Sulfate mg/L -- -- -- 270 -- -- -- -- -- -- -- -- -- -- -- 110



Benzene µg/L -- -- -- 78,000 -- -- -- -- -- -- -- -- -- -- -- 2,700
Ethylbenzene µg/L -- -- -- 1,200 -- -- -- -- -- -- -- -- -- -- -- 190
n-Propylbenzene µg/L -- -- -- <200UJf| -- -- -- -- -- -- -- -- -- -- -- 2.1|J
Toluene µg/L -- -- -- 65|J -- -- -- -- -- -- -- -- -- -- -- <10
1,2,4-Trimethylbenzene µg/L -- -- -- 34|J -- -- -- -- -- -- -- -- -- -- -- <10
m,p-Xylene µg/L -- -- -- 84|J -- -- -- -- -- -- -- -- -- -- -- <10
o-Xylene µg/L -- -- -- 37|J -- -- -- -- -- -- -- -- -- -- -- <10



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --
Chloroform µg/L -- -- -- 0.38|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
cis-1,2-Dichloroethene µg/L -- -- -- 3.3 -- -- -- -- -- 7.5 -- <1.0 <1.0 <1.0 -- <1.0
trans-1,2-Dichloroethene µg/L -- -- -- <0.50 -- -- -- -- -- 1.6 -- <1.0 <1.0 <1.0 -- <1.0
Ethylbenzene µg/L -- -- -- 0.26|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Trichloroethene µg/L -- -- -- 25 -- -- -- -- -- 15 -- 16 11 9.1 -- 5.9
Benzene µg/L -- -- -- <0.50 -- -- -- -- -- -- -- -- -- -- -- 0.35|J
Dichlordifluoromethane µg/L -- -- -- 5.1 -- -- -- -- -- -- -- -- -- -- -- 3.5
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.56|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 2.1 -- -- -- -- -- -- -- -- -- -- -- 1.1
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.58|J
Trichloroethene µg/L -- -- -- 0.64|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Acetone µg/L -- -- -- 9.5|J -- -- -- -- -- -- -- -- -- -- <20 <20
Dichlordifluoromethane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 3.8 <1.0



SWL0050



SWL0051



SWL0052



SWL0053
VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFB



Water Table



MBFB



MBFC
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20112008Well ID HSU Compound 
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Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.34|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- 1.2 <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.53|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 1.8 -- -- -- -- -- -- -- -- -- -- 1.3 <2.5
sec-Butylbenzene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 1.4 <5.0
Chlorobenzene µg/L -- -- -- 0.18|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
Chloroform µg/L -- -- -- 0.58|J -- -- -- -- -- -- -- -- -- -- 1.0 <5.0
1,2-Dichlorobenzene µg/L -- -- -- 0.35|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,4-Dichlorobenzene µg/L -- -- -- 0.38|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,1-Dichloroethane µg/L -- -- -- 2.0 -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
1,2-Dichloroethane µg/L -- -- -- 0.36|J -- -- -- -- -- -- -- -- -- -- <0.50 <2.5
1,1-Dichloroethene µg/L -- -- -- 44 -- -- -- -- -- -- -- -- -- -- 18 16
cis-1,2-Dichloroethene µg/L -- -- -- 80 -- -- -- -- -- -- -- -- -- -- 190 160
trans-1,2-Dichloroethene µg/L -- -- -- 2.9 -- -- -- -- -- -- -- -- -- -- 3.0 <5.0
Isopropylbenzene µg/L -- -- -- 0.20|J -- -- -- -- -- -- -- -- -- -- <1.0 <5.0
Methylene chloride µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <10 <50
Tetrachloroethene µg/L -- -- -- 440 -- -- -- -- -- -- -- -- -- -- 190 60
Trichloroethene µg/L -- -- -- 2,100 -- -- -- -- -- -- -- -- -- -- 1,100 900
Vinyl Chloride µg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- 1.9 <2.5



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210 330
Benzene µg/L -- -- -- 0.48|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
sec-Butylbenzene µg/L -- -- -- 0.42|J -- -- -- -- -- -- -- -- -- -- <1.0 0.60|J
tert-Butylbenzene µg/L -- -- -- 0.29|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 2.2
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.31|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.84|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



n-Butylbenzene µg/L -- -- -- 1.2 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 2.6 -- -- -- -- -- -- -- -- -- -- 1.8 <1.0
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 <10
Ethylbenzene µg/L -- -- -- 0.24|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
Isopropylbenzene µg/L -- -- -- 5.2 -- -- -- -- -- -- -- -- -- -- 3.3 <1.0
Naphthalene µg/L -- -- -- 14 -- -- -- -- -- -- -- -- -- -- <10 <10
n-Propylbenzene µg/L -- -- -- 6.4 -- -- -- -- -- -- -- -- -- -- 4.4 <1.0
Benzene µg/L -- -- -- 1.1 -- -- -- -- -- -- -- -- -- -- -- <0.50
sec-Butylbenzene µg/L -- -- -- 2.0|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Chlorobenzene µg/L -- -- -- 360 -- -- -- -- -- -- -- -- -- -- -- 21
1,2-Dichlorobenzene µg/L -- -- -- 0.39|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- -- 0.55|J
1,2-Dichloroethane µg/L -- -- -- 6.8 -- -- -- -- -- -- -- -- -- -- -- 5.9
1,1-Dichloroethene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- 0.73|J
cis-1,2-Dichloroethene µg/L -- -- -- 1.4|J -- -- -- -- -- -- -- -- -- -- -- 0.85|J
Isopropylbenzene µg/L -- -- -- 0.54|J -- -- -- -- -- -- -- -- -- -- -- <1.0
Tetrachloroethene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- 3.5
Toluene µg/L -- -- -- <2.0 -- -- -- -- -- -- -- -- -- -- -- 0.38|J
Trichloroethene µg/L -- -- -- 64 -- -- -- -- -- -- -- -- -- -- -- 21Jm|



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100)
Benzene µg/L -- -- -- 9.3 -- -- -- -- -- -- -- -- -- -- -- <5.0
Chloroform µg/L -- -- -- 9.1 -- -- -- -- -- -- -- -- -- -- -- 12
1,1-Dichloroethane µg/L -- -- -- 1.5|J -- -- -- -- -- -- -- -- -- -- -- 3.5|J
1,1-Dichloroethene µg/L -- -- -- 10 -- -- -- -- -- -- -- -- -- -- -- 14
cis-1,2-Dichloroethene µg/L -- -- -- 26 -- -- -- -- -- -- -- -- -- -- -- 93
Tetrachloroethene µg/L -- -- -- 130 -- -- -- -- -- -- -- -- -- -- -- 330



SWL0057



SWL0058



SWL0059



SWL0054



SWL0055



SWL0056



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFB



Water Table



MBFC



Water Table



12 of 25 \\URSSantaBarbara\SantaBarbara\Projects\28906070 Del Amo Parent Job\600 DLVR\601 - URS (or DM) Prepared\2014 Baseline Groundwater Monitoring Report\Tables\Table 3 Time-series VOCs and Biodeg Indicator Data.xlsx











TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- -- -- 690 -- -- -- -- -- -- -- -- -- -- -- 1,700
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 13,000/13,000 160,000



Acetone µg/L -- -- -- 150|J -- -- -- -- -- -- -- -- -- -- <20 <2,000
Benzene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- 15 240
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 3.6|J -- -- -- -- -- -- -- -- -- -- 2.7 <100
Toluene µg/L -- -- -- 4.8|J -- -- -- -- -- -- -- -- -- -- 4.8 61|J
m,p-Xylene µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 3.3 <100
Benzene µg/L -- -- -- <0.68Ux| -- -- -- -- -- -- -- -- -- -- -- 0.39|J
Carbon disulfide µg/L -- -- -- <10 -- -- -- -- -- -- -- -- -- -- -- 0.42|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.43|J
Vinyl Chloride µg/L -- -- -- <0.50UJm| -- -- -- -- -- -- -- -- -- -- -- 1.2



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --
Benzene µg/L -- 520 520 550 -- 890 480 -- -- -- -- -- -- -- 460 35
sec-Butylbenzene µg/L -- <5.0 <5.0 0.47|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.31|J
1,1-Dichloroethane µg/L -- <5.0 <5.0 <1.0 -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.32|J
1,1-Dichloroethene µg/L -- <5.0 <5.0 2.7 -- 2.6 <10 -- -- -- -- -- -- -- 3.0 2.7
cis-1,2-Dichloroethene µg/L -- 5.8 5.3 7.2 -- 16 17 -- -- -- -- -- -- -- 13 11
Ethylbenzene µg/L -- 30 28 28 -- 37 33 -- -- -- -- -- -- -- 34 <1.0
Isopropylbenzene µg/L -- <5.0 <5.0 0.30|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 <1.0
Tetrachloroethene µg/L -- 8.9 13 11 -- 9.2 10 -- -- -- -- -- -- -- 18 0.58|J
Toluene µg/L -- <5.0 <5.0 0.43|J -- <1.0 <10 -- -- -- -- -- -- -- <1.0 0.57|J
Trichloroethene µg/L -- 92 95 110 -- 94 96 -- -- -- -- -- -- -- 190Jm| 92
Vinyl Chloride µg/L -- <2.5 <2.5 <0.50 -- <0.50 <5.0 -- -- -- -- -- -- -- <0.50 0.44|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
Acetone µg/L -- <100 120 <50 -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- <5.0 <2.5 1.5 -- -- -- -- -- -- -- -- -- -- -- 2.2
Chlorobenzene µg/L -- 35 36 41 -- -- -- -- -- -- -- -- -- -- -- 440
Chloroform µg/L -- <10 <5.0 1.5 -- -- -- -- -- -- -- -- -- -- -- <1.0
1,2-Dichlorobenzene µg/L -- <10 <5.0 0.25|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,4-Dichlorobenzene µg/L -- <10 <5.0 0.36|J -- -- -- -- -- -- -- -- -- -- -- 1.8
1,1-Dichloroethane µg/L -- <10 <5.0 2.8 -- -- -- -- -- -- -- -- -- -- -- 0.97|J
1,1-Dichloroethene µg/L -- 20 24 19 -- -- -- -- -- -- -- -- -- -- -- 1.4
cis-1,2-Dichloroethene µg/L -- 16 16 16 -- -- -- -- -- -- -- -- -- -- -- 2.7
Tetrachloroethene µg/L -- 310 340 240 -- -- -- -- -- -- -- -- -- -- -- 16
Toluene µg/L -- <10 <5.0 <1.0 -- -- -- -- -- -- -- -- -- -- -- 0.49|J
Trichloroethene µg/L -- 1,100 1,400 1,100 -- -- -- -- -- -- -- -- -- -- -- 97Jm|



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Acetone µg/L -- <1,000 <20,000 190|J -- -- -- -- -- -- -- -- -- -- 40 <100
Benzene µg/L -- 180,000 340,000 190,000 -- -- -- -- -- -- -- -- -- -- 95,000 470
n-Butylbenzene µg/L -- <100 <2,000 <20 -- -- -- -- -- -- -- -- -- -- 20 <5.0
sec-Butylbenzene µg/L -- <100 <2,000 56 -- -- -- -- -- -- -- -- -- -- 45 4.7|J
Cyclohexane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17 <50
Ethanol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 250 <500
Ethylbenzene µg/L -- 15,000 29,000 16,000 -- -- -- -- -- -- -- -- -- -- 14,000 30
Isopropylbenzene µg/L -- <100 <2,000 54 -- -- -- -- -- -- -- -- -- -- 39 <5.0
n-Propylbenzene µg/L -- <100 <2,000 36 -- -- -- -- -- -- -- -- -- -- 26 <5.0
Toluene µg/L -- 180 <2,000 190 -- -- -- -- -- -- -- -- -- -- 95 <5.0
m,p-Xylene µg/L -- <100 <2,000 5.9|J -- -- -- -- -- -- -- -- -- -- <100 <5.0
o-Xylene µg/L -- <100 <2,000 <20 -- -- -- -- -- -- -- -- -- -- 1.2 <5.0
Benzene µg/L -- <1.0 <2.5 0.29|J -- -- -- -- -- -- -- -- -- -- -- 420
1,1-Dichloroethane µg/L -- <2.0 <5.0 0.35|J -- -- -- -- -- -- -- -- -- -- -- 4.0|J
1,1-Dichloroethene µg/L -- 3.6 <5.0 5.9 -- -- -- -- -- -- -- -- -- -- -- 14
cis-1,2-Dichloroethene µg/L -- 5.8 5.3 8.4 -- -- -- -- -- -- -- -- -- -- -- 90
Methylene chloride µg/L -- <20 <50 16 -- -- -- -- -- -- -- -- -- -- -- <50
Tetrachloroethene µg/L -- 71 60 74 -- -- -- -- -- -- -- -- -- -- -- 140



SWL0060



SWL0061



SWL0063



SWL0064



SWL0065



SWL0066



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60
MBFB/MBFC



MBFC



Gage



MBFC



MBFC



Gage
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- 270 280 300 -- -- -- -- -- -- -- -- -- -- -- 930
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| --



1,1-Dichloroethene µg/L -- <5.0 <5.0 0.99|J -- -- -- -- -- -- -- -- -- -- 1.8 --
cis-1,2-Dichloroethene µg/L -- 11 10 9.8 -- -- -- -- -- -- -- -- -- -- 16 --
Tetrachloroethene µg/L -- <5.0 <5.0 0.89Jf|J -- -- -- -- -- -- -- -- -- -- <1.0 --
Trichloroethene µg/L -- 360 460 310 -- -- -- -- -- -- -- -- -- -- 470Jm| --



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- 770 -- -- -- -- -- -- 720
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 490



Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.20 0.37
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- 1.8 -- -- -- -- -- -- 4.9



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.7Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 32



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -100 -182.5
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 120



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- <25,000 -- -- -- -- -- 17,000 24,000
Benzene µg/L -- -- -- -- -- -- -- 280,000 150,000 -- -- -- -- -- -- 150,000
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- 19,000 <25,000 -- -- -- -- -- -- 5,100|J
Ethylbenzene µg/L -- -- -- -- -- -- -- 1,200 <2,500 -- -- -- -- -- -- 2,400
Styrene µg/L -- -- -- -- -- -- -- 6,100 4,400 -- -- -- -- -- -- 4,000
Toluene µg/L -- -- -- -- -- -- -- 50,000 40,000 -- -- -- -- -- -- 46,000
m,p-Xylene µg/L -- -- -- -- -- -- -- 4,400 4,100 -- -- -- -- -- -- 4,600
o-Xylene µg/L -- -- -- -- -- -- -- 1,700 <2,500 -- -- -- -- -- -- 1,700



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (29)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5,000) (<500)



Chlorobenzene µg/L -- -- -- (60,000) -- -- -- -- -- -- -- -- -- -- (77,000) (10,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (680) (12|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<250) (24|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (98,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80)



Benzene µg/L -- -- -- (<80) -- -- -- -- -- -- -- -- -- -- -- (6.6)
Chlorobenzene µg/L -- -- -- (6,100) -- -- -- -- -- -- -- -- -- -- -- (1,500)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.0|J)
Trichloroethene µg/L -- -- -- (1,200) -- -- -- -- -- -- -- -- -- -- -- (650)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (550)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.4)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.81|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.47|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.5)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (3.9) -- -- -- -- -- -- -- -- -- -- -- (0.19|J)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,500) --
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<120) 11
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,100) 1,900
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<120) 5.7|J



XBF-07 MBFC VOCs 8240/60 Chlorobenzene µg/L -- -- -- (23,000) -- -- -- -- -- -- -- -- -- -- -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<800)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (12,000)



SWL0067



SWL0068



XBF-01



XBF-02



XBF-03



XBF-04



XBF-05



XBF-06



XBF-09



VOCs



VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Water Table



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (930)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (36|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (82,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (21) -- -- -- -- -- -- -- -- -- -- -- (<0.50)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<2,000) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (7,400) -- -- -- -- -- -- -- -- -- -- (5,600) (6.1)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 49 22



Benzene µg/L -- -- -- -- 1,200 -- -- -- -- -- -- -- -- -- -- 3.9
sec-Butylbenzene µg/L -- -- -- -- <10 -- -- -- -- -- -- -- -- -- -- 0.83|J
1,2-Dichloroethane µg/L -- -- -- -- <5.0 -- -- -- -- -- -- -- -- -- -- 4.3
cis-1,2-Dichloroethene µg/L -- -- -- -- 17 -- -- -- -- -- -- -- -- -- -- <1.0
Ethylbenzene µg/L -- -- -- -- 53 -- -- -- -- -- -- -- -- -- -- 0.25|J
Methylene chloride µg/L -- -- -- -- 120 -- -- -- -- -- -- -- -- -- -- <10
Tetrachloroethene µg/L -- -- -- -- 15 -- -- -- -- -- -- -- -- -- -- <1.0
Trichloroethene µg/L -- -- -- -- 130 -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (41)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.34|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1,000) (<40)



Benzene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (36) (1.3|J)
Chlorobenzene µg/L -- -- -- (5,700) -- -- -- -- -- -- -- -- -- -- (10,000) (690)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (35) (2.4)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (110) (1.6|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (90) (<2.0)
Trichloroethene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (19|J) (1.3|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,400)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (320)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.73|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.79|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,100)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Benzene µg/L -- -- -- 2.5 -- -- -- -- -- -- -- -- -- -- -- (<0.50)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<400)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (1,700) -- -- -- -- -- -- -- -- -- -- -- --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (52,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Chlorobenzene µg/L -- -- -- (240) -- -- -- -- -- -- -- -- -- -- (45) (4.6)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.31|J)
Styrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.54) (0.80)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,700) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- (0.16|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Chlorobenzene µg/L -- -- -- (50) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Styrene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.85) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.7|J)



XBF-23



XBF-25



XBF-10



XBF-11



XBF-13



XBF-14



XBF-15



XBF-16



XBF-19



XBF-20



XBF-22



pCBSA



VOCs



VOCs



VOCs



VOCs



VOCs



pCBSA



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L (<10) -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L (<1.0) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.66)
Chloroform µg/L (0.36) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Toluene µg/L (0.51) -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
m,p-Xylene µg/L (0.68) -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L (<10) -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L (<1.0) -- -- (58) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.48|J)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (190) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (390)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80) (5.0|J)
Benzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (0.73) (<0.50)
Chlorobenzene µg/L -- -- -- (250) -- -- -- -- -- -- -- -- -- -- (180) (0.62)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.3) (<0.50)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (20) (0.39|J)
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.26|J) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,700) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- (All ND) (All ND)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (43) -- -- -- -- -- -- -- -- -- -- (1.0) (0.50)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.58) (<0.50)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.66) (1.8)
1,2-Dichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (94) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8|J)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.56)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.9)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Trichloroethene µg/L -- -- -- (2,100) -- -- -- -- -- -- -- -- -- -- -- --
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<80)



Chlorobenzene µg/L -- -- -- (1,500) -- -- -- -- -- -- -- -- -- -- -- (1,200)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.0|J)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (12)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (22)
Trichloroethene µg/L -- -- -- (1,800) -- -- -- -- -- -- -- -- -- -- -- (1,500)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,800)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<800/<500) --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<40/190) --
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,000/26,000) --
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<43/53) --
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<26/68) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



XBF-35



XBF-EW-1



XBF-OW-1



XBL-13C



XBF-27



XBF-28



XBF-29



XBF-30



XBF-31



XBF-32A



XBF-34



VOCs



VOCs



VOCs



VOCs



pCBSA



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



MBFC



UNK
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.7|J)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.6)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 430



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160
Field Dissolved Oxygen mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.40 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.58
SM3500-FeD Iron (II) mg/L -- -- -- 1.6 -- -- -- -- -- -- -- -- -- -- -- --



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.58
RSK-175M Methane µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- -- 3.2



300.0 Nitrate (as N) mg/L -- -- -- <0.10 -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -80 -80.90
300.0 Sulfate mg/L -- -- -- 310 -- -- -- -- -- -- -- -- -- -- -- 300



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- 200 <10
Benzene µg/L -- -- -- 3.5 -- -- -- -- -- -- -- -- -- -- <0.50 <0.50
n-Butylbenzene µg/L -- -- -- 2.8 -- -- -- -- -- -- -- -- -- -- 1.3 <1.0
sec-Butylbenzene µg/L -- -- -- 4.7 -- -- -- -- -- -- -- -- -- -- 6.6 <1.0
Ethylbenzene µg/L -- -- -- 100 -- -- -- -- -- -- -- -- -- -- 9.8 <1.0
Isopropylbenzene µg/L -- -- -- 13 -- -- -- -- -- -- -- -- -- -- 8.1 <1.0
n-Propylbenzene µg/L -- -- -- 12 -- -- -- -- -- -- -- -- -- -- 3.9 <1.0
Styrene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.25|J
Toluene µg/L -- -- -- 0.50|J -- -- -- -- -- -- -- -- -- -- <1.0 0.82|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Benzene µg/L -- -- -- (<500) -- -- -- -- -- -- -- -- -- -- -- (7.7|J)
Chlorobenzene µg/L -- -- -- (16,000) -- -- -- -- -- -- -- -- -- -- -- (3,400)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (29,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --



Acetone µg/L -- -- -- 8.8|J -- -- -- -- -- -- -- -- -- -- <20 <20
Benzene µg/L -- -- -- <1.1Ux| -- -- -- -- -- -- -- -- -- -- 0.93 0.39|J
Chlorobenzene µg/L -- -- -- 540 -- -- -- -- -- -- -- -- -- -- 1,200 180
Chloroform µg/L -- -- -- <1.0Ux|J -- -- -- -- -- -- -- -- -- -- 1.4 <1.0
1,2-Dichlorobenzene µg/L -- -- -- 0.23|J -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
1,4-Dichlorobenzene µg/L -- -- -- 1.5 -- -- -- -- -- -- -- -- -- -- 5.1 0.68|J
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.80|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.3|J)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (32)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.2)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.37|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (150)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- (71) -- -- -- -- -- -- -- -- -- -- -- (39)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9.4)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.39|J)
Trichloroethene µg/L -- -- -- (43) -- -- -- -- -- -- -- -- -- -- -- (11)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (820)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (38,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200/<200) --



Chlorobenzene µg/L -- -- -- (3,100) -- -- -- -- -- -- -- -- -- -- (620/1,500) --
2-Chlorotoluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (10/<10) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



XG-04



XG-05



XG-06



XG-08



XG-01



XG-01WC



XG-02



XG-02WC



XG-03



VOCs



VOCs



VOCs



VOCs



Biodeg



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



MBFB



Gage



MBFB



Gage



Gage



Gage



Gage



Gage
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Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (580) -- -- -- -- -- -- -- -- -- -- -- (100)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10/<10) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.9|J/<10) (<10)
Benzene µg/L -- -- -- (<10) -- -- -- -- -- -- -- -- -- -- (0.30|J/0.94) (2.1)
Chlorobenzene µg/L -- -- -- (540) -- -- -- -- -- -- -- -- -- -- (68/66) (360)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50/0.60) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000/12,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 (13)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,400|J)
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,300|J)
Chlorobenzene µg/L -- -- -- (20) -- -- -- -- -- -- -- -- -- -- -- (3.5)
2-Hexanone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,900)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<100)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (25)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,600)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.0|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (36,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<50)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (4,200) -- -- -- -- -- -- -- -- -- -- -- (900)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
1,1-Dichloroethene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- -- (0.33|J)
cis-1,2-Dichloroethene µg/L -- -- -- 5.1 -- -- -- -- -- -- -- -- -- -- -- (65)
Trichloroethene µg/L -- -- -- 95 -- -- -- -- -- -- -- -- -- -- -- (3.8)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.9)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (6.8|J)



Benzene µg/L -- -- -- (<5.0) -- -- -- -- -- -- -- -- -- -- -- (1.3)
Chlorobenzene µg/L -- -- -- (280) -- -- -- -- -- -- -- -- -- -- -- (150)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.84)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.3)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.24|J)
Trichloroethene µg/L -- -- -- (27) -- -- -- -- -- -- -- -- -- -- -- (20)
Vinyl Chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.29|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,400)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (2.9) (<0.50)
314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (49) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Benzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- -- (0.62)
Chlorobenzene µg/L -- -- -- (20) -- -- -- -- -- -- -- -- -- -- -- (110)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,700)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)



XG-15



XG-16



XG-17



XG-18



XG-19A



XG-20



XG-09



XG-11



XG-12



XG-13



XG-14



pCBSA



VOCs



VOCs



pCBSA



VOCs



VOCs



VOCs



VOCs



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage
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Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chlorobenzene µg/L -- -- -- (<10) -- -- -- -- -- -- -- -- -- -- -- (18)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.2)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.72)
Trichloroethene µg/L -- -- -- (750) -- -- -- -- -- -- -- -- -- -- -- (380)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (130)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.59) (<0.50)
314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (250) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (84)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<50)
Benzene µg/L -- -- -- (<40) -- -- -- -- -- -- -- -- -- -- (0.87) (1.7|J)
Chlorobenzene µg/L -- -- -- (2,300) -- -- -- -- -- -- -- -- -- -- (740) (1,100)
1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.96) (1.7|J)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.7) (10)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.86) (4.4)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.65) (<2.5)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (9,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (880) -- -- -- -- -- -- -- -- -- -- (30) (40)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<0.50) (0.38|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.8) (7.1)
Trichloroethene µg/L -- -- -- (<20) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.69)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,600) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (190) -- -- -- -- -- -- -- -- -- -- (120) (84)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (720)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.54) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (<0.50) (0.94)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 Chlorobenzene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (1.5) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,800) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (4.0|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.1) (0.34|J)
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1) (<0.50)
Trichloroethene µg/L -- -- -- (<2.0) -- -- -- -- -- -- -- -- -- -- (0.90) (<0.50)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- (All ND) (All ND)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (28) --



XG-25



XG-26



XG-27



XG-28



XG-29



XG-30



XG-32



XG-21



XG-23



XG-24



VOCs



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



pCBSA



VOCs



pCBSA



VOCs



pCBSA



VOCs



pCBSA



pCBSA



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage



Gage
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20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)



Benzene µg/L -- -- -- (160) -- -- -- -- -- -- -- -- -- -- (<0.50) (<0.50)
Chlorobenzene µg/L -- -- -- (<4.0) -- -- -- -- -- -- -- -- -- -- (2.5) (2.3)
Dichlordifluoromethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1.0) (0.29|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (0.40|J)
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.2) (3.3)
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.52) --



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (160) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (140)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10) (<10)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.51) (0.31|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (10) (3.5)



314 pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13,000) --
NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4,200)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10



Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.39|J
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.77|J



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 <10
VOCs 8240/60 Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.91|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chlorobenzene µg/L -- -- -- (8.6) -- -- -- -- -- -- -- -- -- -- -- (8.7)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (26,000)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<100)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5,500)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (27,000)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<500) --



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7,000) --
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (820) --
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (280) --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (920) --
Isopropylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (27) --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (180) --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (70) --
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (30) --
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (82) --
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (550) --
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (120) --
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (710) --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20,000) (<5,000)
Benzene µg/L -- -- -- (2,700) -- -- -- -- -- -- -- -- -- -- (2,900) (2,400)
Chlorobenzene µg/L -- -- -- (84,000) -- -- -- -- -- -- -- -- -- -- (130,000) (100,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14,000) (13,000)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<1,000) (120|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,500) (1,300)
Trichloroethene µg/L -- -- -- (<2,000) -- -- -- -- -- -- -- -- -- -- (<1,000) (180|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (500,000)
Acetone µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 18|J
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 62
2-Butanone (MEK) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.0|J
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.44|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.9



XG-OW-01



XGW-07A



XGW-07C



XLG-01



XLG-02



XMBFB-EW-1



XMW-01



XMW-01HD



XG-33



XG-35



pCBSA



VOCs



pCBSA



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



MBFB



Water Table



Water Table



Gage



Gage



UNK



Water Table



MBFB



Gage



Gage
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o-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.38|J
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20,000)



Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (350,000)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (31,000)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (520,000)
XMW-02HD Water Table VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- All ND



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)
VOCs 8240/60 Trichloroethene µg/L -- -- -- (39) -- -- -- -- -- -- -- -- -- -- -- --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21)
Acetone µg/L -- -- -- 85|J -- -- -- -- -- -- -- -- -- -- -- <20
Benzene µg/L -- -- -- 3.3Jm| -- -- -- -- -- -- -- -- -- -- -- <0.50
Chloroform µg/L -- -- -- 2.4 -- -- -- -- -- -- -- -- -- -- -- <1.0
Ethylbenzene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- 0.22|J
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 2.7 -- -- -- -- -- -- -- -- -- -- -- 3.1
Naphthalene µg/L -- -- -- 1.3|J -- -- -- -- -- -- -- -- -- -- -- <10
Toluene µg/L -- -- -- 1.9|J -- -- -- -- -- -- -- -- -- -- -- <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- 0.53|J -- -- -- -- -- -- -- -- -- -- -- <1.0
m,p-Xylene µg/L -- -- -- 11 -- -- -- -- -- -- -- -- -- -- -- 0.36|J
o-Xylene µg/L -- -- -- 0.49|J -- -- -- -- -- -- -- -- -- -- -- <1.0



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Chlorobenzene µg/L -- -- -- (18,000) -- -- -- -- -- -- -- -- -- -- -- (960)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,200)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (94)
Trichloroethene µg/L -- -- -- (170) -- -- -- -- -- -- -- -- -- -- -- (510)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,200)
XMW-04HD Water Table VOCs 8240/60 Benzene µg/L -- -- -- 430,000 -- -- -- -- -- -- -- -- -- -- -- 330,000



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<50)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.6)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (19)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1,100)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (170)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (53)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (220) (<400)



Benzene µg/L -- -- -- (<100) -- -- -- -- -- -- -- -- -- -- (17) (<20)
Bromodichloromethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.87) (<20)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (19|J)
Chlorobenzene µg/L -- -- -- (350) -- -- -- -- -- -- -- -- -- -- (26) (<20)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2,400) (710)
Chloroprene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (79) --
Di-isopropyl ether (DIPE) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.8) (<20)
1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (7.9) (<20)
1,3-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.75) (<20)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11) (<20)
1,1-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (35) (15|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (37) (<20)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (100) (36)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (57) (35)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.6) (<20)
1,2-Dichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1) (<20)
Methylene chloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.9) (<40)
1,1,1,2-Tetrachloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (6.1) (<20)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17,000) (6,100)
1,2,4-Trichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.3) (<20)



XMW-03



XMW-03HD



XMW-04



XMW-05



XMW-06



XMW-02



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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1,1,2-Trichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15) (<20)
Trichloroethene µg/L -- -- -- (1,400) -- -- -- -- -- -- -- -- -- -- (530) (200)
1,2,3-Trichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.1) (<40)
Trichlorotrifluoroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11) (<20)
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.6) --



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.2|J)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (230|J)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 All Analytes µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (All ND)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (75)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<200)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3,000)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (43)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.4|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.6|J)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (2.8)
Trichloroethene µg/L -- -- -- (24) -- -- -- -- -- -- -- -- -- -- -- (10)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (170)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<20)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.66|J)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (320)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.46|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (14)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (240)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<40)



Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (4.7)
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (650)
1,4-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.7|J)
1,2-Dichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (15)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (130)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<400) --



Benzene µg/L -- -- -- (6,900) -- -- -- -- -- -- -- -- -- -- (5,200) --
Chlorobenzene µg/L -- -- -- (7,200) -- -- -- -- -- -- -- -- -- -- (4,500) --
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (99) --
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (54) --
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (450) --
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (160) --
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (45) --
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (580) --
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (400) --
Trichloroethene µg/L -- -- -- (410) -- -- -- -- -- -- -- -- -- -- (810) --
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (360) --
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (77) --
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (240) --
o-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- (140) --
Benzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12,000
Chlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 190
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 100
Ethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,100
Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 160|J
n-Propylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 67



XMW-11



XMW-12



XMW-13



XMW-14



XMW-07



XMW-08



XMW-09



XMW-10



VOCs



VOCs



VOCs



VOCs



VOCs



VOCs 8240/60



8240/60



8240/60



8240/60



8240/60



8240/60



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table



Water Table
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Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 37|J
1,2,4-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 620
1,3,5-Trimethylbenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 150
m,p-Xylene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 950



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.2)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.35|J)
cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (17)
trans-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (1.1)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (13)
Trichloroethene µg/L -- -- -- (270) -- -- -- -- -- -- -- -- -- -- -- (300)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (8.2|J)



VOCs 8240/60 All Analytes µg/L -- -- -- (All ND) -- -- -- -- -- -- -- -- -- -- -- (All ND)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (21)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.30|J)
Trichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (3.9)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (40)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 660



SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 360
Field Dissolved Oxygen mg/L -- -- -- 0.30 -- -- -- -- -- -- -- -- -- -- 0.0 1.1



SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.2
6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.1



RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0Ux|J
300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- 110 -123.1
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 95



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
Benzene µg/L -- -- -- 160Jm| -- -- -- -- -- -- -- -- -- -- 0.66 0.91
n-Butylbenzene µg/L -- -- -- 210 -- -- -- -- -- -- -- -- -- -- <1.0 <1.0
sec-Butylbenzene µg/L -- -- -- 490 -- -- -- -- -- -- -- -- -- -- 130 44
Ethylbenzene µg/L -- -- -- 3,300 -- -- -- -- -- -- -- -- -- -- 3.4 0.14|J
Isopropylbenzene µg/L -- -- -- 120 -- -- -- -- -- -- -- -- -- -- 11 0.63|J
n-Propylbenzene µg/L -- -- -- 110 -- -- -- -- -- -- -- -- -- -- 4.4 <1.0
Vinyl Chloride µg/L -- -- -- 5.3|J -- -- -- -- -- -- -- -- -- -- <0.50 <0.50



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Carbon Tetrachloride µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.98)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (18)
1,1-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.31|J)
Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.32|J)
1,1,2-Trichloroethane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (68)
Trichloroethene µg/L -- -- -- (6.5) -- -- -- -- -- -- -- -- -- -- -- (2.0)
1,2,3-Trichloropropane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.75|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)



VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.76)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (5.7)



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10UJm| (<10)
VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0 (0.55)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (11)
Benzene µg/L -- -- -- (120) -- -- -- -- -- -- -- -- -- -- -- --
Chlorobenzene µg/L -- -- -- (59) -- -- -- -- -- -- -- -- -- -- -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<10)
Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.32|J)
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Tetrachloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (0.26|J)
pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)



cis-1,2-Dichloroethene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9.3
Toluene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.30|J
Trichloroethene µg/L -- -- -- (40) -- -- -- -- -- -- -- -- -- -- -- 0.81|J



SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,100
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1,000



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.17
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 60



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.7Jm|
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 39



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -162.8
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.96|J



Benzene µg/L -- -- -- 44,000 -- -- -- -- -- -- -- -- -- -- -- 22,000
sec-Butylbenzene µg/L -- -- -- 30|J -- -- -- -- -- -- -- -- -- -- -- <50
Ethylbenzene µg/L -- -- -- 30|J -- -- -- -- -- -- -- -- -- -- -- <50
Isopropylbenzene µg/L -- -- -- 58 -- -- -- -- -- -- -- -- -- -- -- 39|J



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SVOCs 8270 Phenol µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- 97 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <2,500 -- <5,000 <10,000 <5,000 -- --
Benzene µg/L -- -- -- 380,000 -- -- -- -- -- 47,000 -- 170,000 100,000 73,000 -- 36,000
1,2-Dichloroethane µg/L -- -- -- <100 -- -- -- -- -- <130 -- 4,900 <500 <250 -- <120
Toluene µg/L -- -- -- 240|J -- -- -- -- -- <250 -- <500 <1,000 <500 -- <250



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 (<10)
VOCs 8240/60 Chloroform µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <1.0 (0.27|J)



pCBSA NA pCBSA µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (<5.0)
SM 2320B Alkalinity, Total (as CaCO3) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 530



8270 Bis(2-Chloroethoxy) Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
SM4500-CO2 Carbon Dioxide mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 210



Field Dissolved Oxygen mg/L -- -- -- 0.0 -- -- -- -- -- -- -- -- -- -- -- 0.81
SM 3500-Fe Iron (II) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.21



6010B Manganese mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.97
RSK-175M Methane µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.7



300.0 Nitrate (as N) mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- <0.10
Field Oxidation Reduction Potiential mV -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -43.60
300.0 Sulfate mg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 39



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- <10 -- <10 <10 <10 -- --
Benzene µg/L -- -- -- 7.6 -- -- -- -- -- <0.50 -- 9.5 <0.50 <0.50 -- <0.50Ux|J
n-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
sec-Butylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
1,2-Dichlorobenzene µg/L -- -- -- 0.15Jm|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0



8270 1,2-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
8240/60 1,3-Dichlorobenzene µg/L -- -- -- 0.28|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0



8270 1,3-Dichlorobenzene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
1,1-Dichloroethane µg/L -- -- -- 0.30|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
1,1-Dichloroethene µg/L -- -- -- 2.3 -- -- -- -- -- 3.1 -- 2.4 2.6 1.7 -- <1.0
Ethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- 1.2 <1.0 <1.0 -- <1.0
Isopropylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Methyl Tert-butyl ether (MTBE) µg/L -- -- -- 0.54|J -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Naphthalene µg/L -- -- -- <10 -- -- -- -- -- <10 -- <10 <10 <10 -- <10



8270 Naphthalene µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- <10 -- --
Styrene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Tetrachloroethene µg/L -- -- -- 21 -- -- -- -- -- 4.6 -- 3.4 2.8 7.2 -- <1.0
Toluene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- 20 <1.0 <1.0 -- <1.0
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TABLE 3
Time-Series Summary of Detected Volatile Organic Compounds 



Baseline 2014 Groundwater Monitoring and Aquifer Compliance Plan



2009 2010 2012 2014



Mar July Aug Nov Feb Jun Nov Dec Jan Feb Mar Jun Sep Dec Feb Sep



20112008Well ID HSU Compound 
Class AnalyteMethod ID Units 2006



Trichloroethene µg/L -- -- -- 2.2 -- -- -- -- -- 1.7 -- 2.0 1.5 1.9 -- <1.0
1,2,4-Trimethylbenzene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
m,p-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- -- -- <1.0 <1.0 -- -- <1.0
o-Xylene µg/L -- -- -- <1.0 -- -- -- -- -- <1.0 -- <1.0 <1.0 <1.0 -- <1.0
Xylenes (Total) µg/L -- -- -- -- -- -- -- -- -- -- -- 8.6 <1.0 -- -- --
Xylenes (total) µg/L -- -- -- -- -- -- -- -- -- <1.0 -- 8.6 <1.0 <1.0 -- --



TBA 8240/60 tert-Butanol (TBA) µg/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- <10 --
VOCs 8240/60 Dichlordifluoromethane µg/L -- -- -- <1.0 -- -- -- -- -- -- -- -- -- -- <1.0 0.94|J



Notes:
URS 2014 data sampled between 09/04/2014 and 09/25/2014
NA = Not Available
< = Compound not detected above laboratory reporting limit listed
( ) - Data collected by third party consultant and shared with URS
HSU - Hydrostratographic unit
Biodeg - Analytes which indicate biological activity
VOCs - Volatile Organic Compounds
SVOCs - Semi-Volatile Organic Compounds
MBFB - Middle Bellflower B-Sand
MBFC - Middle Bellflower C-Sand
URS Qualifiers/Laboratory qualifiers
J - Associated value is an estimated value between the Method Detection Limit and Method Reporting Limit
J(with reason code)  - The analyte was positively identified; the associated numerical value is the estimated concentration of the analyte in the sample.
U - The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
UJ - The analyte was not detected above reported sample quantitation limit.
       However, the reported quantitation limit may or may not represent actual limit of quantitation needed to accurately and precisely measure the analyte in sample.
f - Field duplicate imprecision.
h - Holding time violation.
m - Matrix spike/matrix spike duplicate recovery failure.
x - Field blank contamination.
z - Method blank contamination.



XP-03 MBFB
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Table 4
Comparison of Primary and Duplicate Sample Analytical Results



2014 Baseline Groundwater Monitoring Report



V:\Projects\28906070 Del Amo Parent Job\600 DLVR\601 - URS (or DM) Prepared\2014 Baseline Groundwater Monitoring Report\Tables\Table 4 Comparison of Primary and Duplicate Sample Analytical ResultsPage 1 of 1



PZL0010 Chloroform 0.87 0.9 3.4
Benzene 0.44 0.48 8.7
1,1-Dichloroethane 0.61 0.67 9.4
1,1-Dichloroethene 2 2 0
cis-1,2-Dichloroethene 4.5 4.7 4.3
trans-1,2-Dichloroethene 1 1.1 9.5
Tetrachloroethene 210 230 9.1
Toluene <1.0 0.24 Not Applicable
Trichloroethene 41 44 7.1
Benzene 2.1 1.8 15.4
1,1-Dichloroethane 180 190 5.4
1,2-Dichloroethane 1.2 1.1 8.7
1,1-Dichloroethene 220 210 4.7
cis-1,2-Dichloroethene 19 19 0
trans-1,2-Dichloroethene 7.1 7.7 8.1
Tetrachloroethene 52 50 3.9
Toluene 0.56 0.5 11.3
Trichloroethene 110 110 0
Vinyl Chloride 1 0.97 3
Benzene 0.46 0.43 6.7
Sec-Butylbenzene 1.4 1.5 6.9
Chlorobenzene 12 12 0
Di-isopropyl ether (DIPE) 0.48 0.45 6.5
1,2-Dichlorobenzene 1.2 1.1 8.7
1,4-Dichlorobenzene 15 16 6.5
1,1-Dichloroethane 4.4 4.7 6.6
1,2-Dichloroethane 4 4.2 4.9
cis-1,2-Dichloroethene 18 19 5.4
1,2-Dichloropropane 5.3 5.3 0
Trichloroethene 1.6 1.7 6.1
Vinyl Chloride 1.9 2.2 14.6
Manganese 3.77 3.84 1.8
Benzene 2700 2700 0
Ethylbenzene 190 190 0
n-Propylbenzene 2.1 2.1 0
Manganese 1.82 1.93 5.9
Benzene 470 570 19.2
sec-Butylbenzene 4.7 4.5 4.3
Ethylbenzene 30 39 26.1



XMW-04HD Benzene 330000 280000 16.4
XP-03 Dichlordiflouromethane 0.94 1 6.2



SWL0065



Duplicate ResultPrimary Result Relative Percent DifferenceLocation Detected VOCs



SWL0002



SWL0003



SWL0021



SWL0050
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Figure 11
Biodegradation Indicators Along Water Table Zone Transect 1  



2014 Baseline Groundwater Monitoring Report
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Figure 12
Biodegradation Indicators Along Water Table Zone Transect 2  



2014 Baseline Groundwater Monitoring Report
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Figure 13
Biodegradation Indicators Along Water Table Zone Transect 3  



2014 Baseline Groundwater Monitoring Report



Indicates cross gradient well
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Figure 14
Biodegradation Indicators Along Water Table Zone Transect 4  



2014 Baseline Groundwater Monitoring Report



Indicates cross gradient well
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Figure 15
Biodegradation Indicators Along MBFB Zone Transect 1



2014 Baseline Groundwater Monitoring Report
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APPENDIX C 
 



MANN-KENDALL STATISTICAL ANALYSIS 
 











Monitor Well
Short‐Term Mann‐Kendall 



Result*



Longer‐Term Mann‐Kendall 



Result**



Benzene (Water Table)
PZL0009 Decreasing Insufficient Data



PZL0011 Decreasing Insufficient Data



PZL0013 Decreasing Insufficient Data



PZL0018 No Trend No Trend



PZL0020 Decreasing Decreasing



PZL0026 Decreasing Insufficient Data



SWL0003 Decreasing Insufficient Data



SWL0004 Decreasing Insufficient Data



SWL0008 Decreasing Decreasing



SWL0044 Decreasing Insufficient Data



SWL0051 Decreasing Insufficient Data



SWL0059 Insufficient Data Insufficient Data



SWL0068 Insufficient Data Insufficient Data



XMW‐01HD Insufficient Data Insufficient Data



XMW‐04HD Decreasing Insufficient Data



XMW‐28 Decreasing Insufficient Data



XMW‐29 Decreasing No Trend



Benzene (MBFB)
SWL0029 No Trend Insufficient Data



SWL0032 Insufficient Data Insufficient Data



SWL0041 No Trend Insufficient Data



SWL0048 Increasing Insufficient Data



SWL0050 No Trend Insufficient Data



SWL0060 Insufficient Data Insufficient Data



SWL0054 Decreasing Insufficient Data



SWL0065 Insufficient Data Insufficient Data



XBF‐13 Decreasing Insufficient Data



SWL0063 Insufficient Data Insufficient Data



SWL0066 Insufficient Data Insufficient Data



TOTALS
Increasing 1 0



No Trend 4 2



Decreasing 15 2



Insufficient Data 8 24



Notes:



All wells analyzed for trends in Total Xylenes concentrations



* Short‐Term result utilizes last eight sampling events.



** Longer‐Term result utilizes  last 16 sampling events.
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID PLZ0009 PLZ0011 PLZ0013 PLZ0018 PLZ0020 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l PLZ0009 Decreasing
1 9000 86000 570000 0.75 350000 PLZ0011 Decreasing
2 1200 77000 590000 0.5 400000 PLZ0013 Decreasing
3 550 43000 520000 0.5 580000 PLZ0018 No Trend
4 680 38000 470000 0.5 470000 PLZ0020 Decreasing
5 290 40000 400000 0.68 570000
6 170 36000 460000 0.5 540000 16 Event Evaluation
7 72 8100 300000 0.27 480000 PLZ0009 Insufficient Data
8 11 120 330000 0.53 480000 PLZ0011 Insufficient Data
9 1.4 410000 PLZ0013 Insufficient Data



10 20000 510000 PLZ0018 No Trend
11 4200 290000 PLZ0020 Decreasing
12 2500 530000
13 0.5 410000
14 63000 370000
15 1700 190000
16 0.5 280000



  



PLZ0009 - Benzene (Water Table)
PLZ0011 - Benzene (Water Table)
PLZ0013 - Benzene (Water Table)
PLZ0018 - Benzene (Water Table)
PLZ0020 - Benzene (Water Table)
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID PLZ0026 SWL0003 SWL0004 SWL0008 8 Event Evaluation



Event ug/l ug/l ug/l ug/l PLZ0026 Decreasing
1 2700 340000 920000 25000 SWL0003 Decreasing
2 3900 430000 870000 12000 SWL0004 Decreasing
3 2400 350000 870000 11000 SWL0008 Decreasing
4 1100 330000 950000 24000
5 620 340000 820000 23000
6 2000 150000 610000 2300 16 Event Evaluation
7 91 170000 610000 25000 PLZ0026 Insufficient Data
8 53 2.1 46000 1700 SWL0003 Insufficient Data
9 9300 SWL0004 Insufficient Data



10 49000 SWL0008 Decreasing
11 21000
12 810
13 340
14 140
15 52
16 12



  



PLZ0026 - Benzene (Water Table)
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SWL0008 - Benzene (Water Table)
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SWL0008 - Benzene (Water Table)
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PLZ0026 - Benzene (Water Table)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0044 SWL0051 SWL0059 SWL0068 XMW-01HD 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l SWL0044 Decreasing
1 5700 8.4 9.3 280000 62 SWL0051 Decreasing
2 56000 7.9 5 150000 SWL0059 Insufficient Data
3 28 12 150000 SWL0068 Insufficient Data
4 4.5 5 XMW-01HD Insufficient Data
5 50 0.61
6 1.1 0.57 16 Event Evaluation
7 0.82 4 SWL0044 Insufficient Data
8 2.1 0.5 SWL0051 Insufficient Data
9 SWL0059 Insufficient Data



10 SWL0068 Insufficient Data
11 XMW-01HD Insufficient Data
12
13
14
15
16
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SWL0044 - Benzene (Water Table)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID XMW-04HD XMW-28 XMW-29 8 Event Evaluation



Event ug/l ug/l ug/l XMW-04HD Decreasing
1 980000 150000 6600 XMW-28 Decreasing
2 900000 170000 24000 XMW-29 Decreasing
3 800000 140000 96000
4 890000 72000 150000
5 670000 100000 180000
6 310000 69000 240000 16 Event Evaluation
7 430000 44000 5700 XMW-04HD Insufficient Data
8 330000 22000 110000 XMW-28 Insufficient Data
9 420000 XMW-29 No Trend



10 580000
11 380000
12 47000
13 170000
14 100000
15 73000
16 36000
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0029 SWL0032 SWL0041 SWL0048 SWL0050 8 Event Evaluation



Event ug/l ug/l ug/l ug/l ug/l SWL0029 No Trend
1 1.1 660000 8500 33000 69000 SWL0032 Insufficient Data
2 1.7 5900 38000 74000 SWL0041 No Trend
3 0.88 1600 22000 46000 SWL0048 Increasing
4 0.75 330 49000 62000 SWL0050 No Trend
5 1.1 550 59000 46000
6 1.3 22000 190000 84000 16 Event Evaluation
7 1.7 11000 180000 78000 SWL0029 Insufficient Data
8 0.65 1.8 180000 2700 SWL0032 Insufficient Data
9 SWL0041 Insufficient Data



10 SWL0048 Insufficient Data
11 SWL0050 Insufficient Data
12
13
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SWL0029 - Benzene (MBFB)
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0060 8 Event Evaluation



Event ug/l SWL0060 Insufficient Data
1 11
2 15
3 240
4
5
6 16 Event Evaluation
7 SWL0060 Insufficient Data
8
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0054 SWL0065 8 Event Evaluation



Event ug/l ug/l SWL0054 Decreasing
1 14 180000 SWL0065 Insufficient Data
2 16 340000
3 11 190000
4 6.7 95000
5 5.5 470
6 12 16 Event Evaluation
7 1.8 SWL0054 Insufficient Data
8 1.3 SWL0065 Insufficient Data
9
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SWL0054 - Benzene (MBFC)
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SWL0065 - Benzene (MBFC)
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SWL0054 - Benzene (MBFC)











Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID XBF-13 8 Event Evaluation



Event ug/l XBF-13 Decreasing
1 15000
2 21000
3 20000
4 22000
5 19000
6 8700 16 Event Evaluation
7 1200 XBF-13 Insufficient Data
8 3.9
9
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Mann Kendall Trend Evaluation
Contaminant: 



Monitoring Inputs Mann-Kendall Results
Well ID SWL0063 SWL0066 8 Event Evaluation



Event ug/l ug/l SWL0063 Insufficient Data
1 520 1 SWL0066 Insufficient Data
2 520 2.5
3 550 0.29
4 890 420
5 480
6 460 16 Event Evaluation
7 35 SWL0063 Insufficient Data
8 SWL0066 Insufficient Data
9
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TO: Erich Weaver FILE: 29500829.08  



FROM: Lily Bayati, Analytical Services Group SITE:  Del Amo - 2014  
    GW Sampling Event  
DATE:  November 17,  2014 
 
SUBJECT:  Summary of Data Validation for Eurofins/Calscience Reports: 14-09-0299, 14-09-0318, 



14-09-0438, 14-09-0439, 14-09-0538, 14-09-0539, 14-09-0656, 14-09-0657, 14-09-0756, 
14-09-0757, 14-09-0919, 14-09-0920, 14-09-1056, 14-09-2079, and 14-09-2095 



 
Introduction 
This report summarizes the findings of the data validation of 94 water samples (including eight field 
duplicates), 15 trip blanks, and 18 equipment blanks. These samples were collected September 4-25, 2014 
as part of the 2014 Groundwater (GW) Sampling Event at Del Amo Superfund Site. Eurofins/Calscience 
Laboratories in Garden Grove, California performed all analyzes. The samples are listed in Table 1 
included at the end of this document. The data were reviewed in accordance with URS Standard 
Operating Procedures, and the principles presented in USEPA National Functional Guidelines For 
Inorganics Superfund Data Review (EPA, 2010, 2014), and USEPA National Functional Guidelines for 
Superfund Organic Methods Data Review (EPA, 2008, 2014). 



Overall Assessment 
The data reported in these packages, as qualified, are considered to be usable for meeting project 
objectives. All results are considered to be valid; the analytical completeness defined as the ratio of the 
number of valid analytical results (valid analytical results include values qualified as estimated) to the 
total number of analytical results requested on samples submitted for analysis, for the project is 100%. 
Additionally, because all samples in this data set were collected and analyzed under similar prescribed 
conditions, the data within this set are considered to be comparable. 
 
1.0 Data Review Narratives 
Ninety-four (94) water samples, and 18 equipment blanks were collectively analyzed for volatile organic 
compounds (VOCs; EPA method 8260B), methane (RSK-175M), alkalinity (Standard method; SM 
2320B), nitrate, sulfate (EPA method 300.0), ferrous iron (SM 3500-FeB), carbon dioxide (SM 4500-
CO2D), manganese (EPA method 6010B); and one water sample was analyzed for gasoline range 
organics (GRO; EPA method 8015B modified). In addition, 15 trip blanks were analyzed for VOCs (EPA 
method 8260B). The laboratory data were reviewed to evaluate compliance with these methods and the 
quality of the data reported (EPA Superfund Stage 2A/2B validation).  Full validation including 
recalculation (EPA Superfund Stage 4A validation) was performed on more than 10% of the laboratory 
data.  The following summarizes the results of this review.  
 
The areas of review are listed below. A check mark () indicates an area of review in which all data were 
acceptable. A crossed circle (⊗) signifies areas where issues were raised during the course of the 
validation review and should be considered to determine any impact on data quality and usability. 



 
 Data Completeness 
⊗ Holding Times and Preservation 



Data Validation Memorandum 
2020 East First Street 
Santa Ana, CA 92705 
Telephone - (714) 835-6886 
Fax: (909) 980-1399 
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⊗ Calibrations (Full Validation) 
 Internal Standards (Full Validation)  
 GC/MS Instrument Performance Check Samples (Full Validation) 
⊗ Interference Check Samples; ICS (Full Validation) 
⊗ Blanks 
 System Monitoring Compounds (Surrogates) 
 Laboratory Control Samples (LCS) 
⊗ Matrix Spike/Matrix Spike Duplicate Samples (MS/MSD) 
 Field Duplicates 
 Laboratory Duplicates 
  Analyte Identification and Quantitation 
 
1.1 Data Completeness 



All analyses were performed as requested on the chain-of-custody records (COCs). The 
laboratory reported all requested analyses and the deliverable data reports were complete. 



 
1.2 Holding Times and Preservation 



All analyses were performed within the method-specified holding times with the exception 
listed in the following table. In addition, all samples were collected and preserved 
appropriately. 
 



Method Sample Analyte Date Sampled Date Prepared Date Analyzed Qualifier 
EPA 300.0 GWS2441 Nitrate 9/8/14 9/10/14 9/10/14 J 



Note: Initial analysis was within holding time. However, due to required dilution, sample was re-analyzed outside 
of holding time. 
 



1.3 Calibration (Full Validation) 
  
1.3.1 Initial Calibration (IC) 



Appropriate initial calibrations were performed for each analyte for each method.  
Compliance requirements for each method were met and did not require data 
qualification with the following exception.  
 



Method/ IC Date  Analyte Qualified Sample(s) Qualifier 
EPA 8260B 8/30/14  trans-1,3-Dichloropropene GWS2432, GWS2457, GWS2489 



GWS2459, GWS2436, GWS2408 
GWS2458, GWS2472, GWS2446 
GWS2468, GWS2443, GWS2471 



UJ/J 



 
1.3.2 Initial Calibration Verification, Continuing Calibration Verification (ICV, CCV)  



The acceptance criteria for all ICVs and CCVs were met or did not require qualification 
with the following exception.  
 
Method / CCV Date  Analyte Qualified Sample(s) Qualifier 
EPA 8260B 9/5/14  Bromomethane GWS2432, GWS2457, GWS2489 



GWS2459, GWS2436, GWS2408 
GWS2458, GWS2472, GWS2446 
GWS2468, GWS2443, GWS2471 



UJ/J 



 
1.3.3 Initial Calibration Blanks, Continuing Calibration Blanks (ICB, CCB) 



Manganese was not detected in the ICBs and CCBs. 
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1.4 Internal Standards (Full Validation) 
All internal standard retention times were within ±30 seconds of the associated continuing 
calibration internal standard retention time.  All internal standard area counts were within the 
acceptance criteria (>50% and <200%) of the associated continuing calibrations internal 
standard area counts. 
 



1.5 GC/MS Instrument Performance Check Samples (Full Validation) 
Compliance requirements for instrument performance check samples were met for EPA 
8260B.   
  



1.6 Interference Check Samples; ICS (Full Validation) 
ICSs were analyzed at the proper frequency and location during the analytical runs for the 
manganese analyses. All ICS results met acceptance criteria with the following exception. 
For samples GWS2436 and GWS2414, ICS A value was above acceptance criteria. 
Consequently, the results for manganese for these samples were qualified as estimated (J+).  
 



1.7 Blanks 
Method blanks were analyzed at the proper frequency for the number and types of samples 
analyzed. Target analytes were either not detected in the associated method blanks, trip 
blanks, and equipment blanks or did not require data qualification with the following 
exceptions. 
 



Method Blank Analyte Concentration Qualified Samples Qualifier 
RSK-175M FBS2045 Methane 0.073 ug/L GWW2452 U 



FBS2041 Methane 0.069 ug/L GWS2438 
FBS2042 Methane 0.064 ug/L GWS2441 
FBS2060 Methane 0.40 ug/L GWS2462 
FBS2061 Methane 0.078 ug/L GWS2416 



EPA 8260B FBS2061 Benzene 0.21 ug/L GWS2434, GWS2496 
Note:   FBS = Equipment Blank  



 
1.8 System Monitoring Compounds (Surrogates) 



Appropriate numbers of surrogate compounds were spiked into each sample for the EPA 
8260B, and 8015B analyses. All surrogate compound recoveries were within the laboratory’s 
statistically determined acceptance ranges. 
 



1.9 Laboratory Control Samples (LCS) 
LCSs were prepared and analyzed at the proper frequency for each analysis. All LCS and 
LCS duplicate (LCSD) recoveries reported and relative percent differences (RPDs) between 
the results (for applicable analytical batches) were within the laboratory’s statistically 
determined acceptance ranges. These LCS results indicate that the level of accuracy 
demonstrated by the analytical method with respect to a clean sample matrix is acceptable. 
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1.10 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 
Several project samples were utilized for the MS/MSD analyses. The average recoveries of 
all MS/MSDs reported and the RPDs between the results were either within the laboratory’s 
statistically determined acceptance ranges or did not require qualification with the following 
exceptions. 
 



Method Sample Analyte Average 
Recovery 



RPD Qualified Samples Qualifier 



EPA 8260B GWS2484 
 



Trichloroethene 55%* 3 GWS2484, GWS2488, GWS2414 
GWS2482, GWS2452  



UJ/J 



EPA 6010B GWS2445 Manganese  84.5%* 
 



5 GWS2466, GWS2498 
GWS2454, GWS2445, GWS2415 



Notes:  * Outlier 



 
1.11 Field Duplicates 



The following samples were submitted to the laboratory as field duplicate pairs.  
 



Primary Sample Field  Duplicate 
GWS2473 GWS2501 
GWS2494 GWS2425 
GWS2435 GWS2497 
GWS2466 GWS2498 
GWS2426 GWS2495 
GWS2485 GWS2499 
GWS2450 GWS2500 
GWS2412 GWS2493 



 
Acceptable field and analytical precision was demonstrated for all analytes for all field 
duplicate pairs. 
 



1.12 Laboratory Duplicates 
Acceptable analytical precision was demonstrated for all laboratory duplicate analyses. 



 
1.13 Target Analyte Identification and Quantitation (Full Validation) 



All analytes reported and the reporting limits obtained comply with project specifications. All 
dilutions were appropriate. In addition, this data review process included result recalculation 
and transcription error checking from the raw data for more than 10% of the data. All results 
checked were confirmed.  
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2432 14-09-0299 14-09-0299-1 9/4/14 EPA 8260B 



GWS2457 14-09-0299 14-09-0299-2 9/4/14 EPA 8260B 



GWS2489 14-09-0299 14-09-0299-3 9/4/14 EPA 8260B 



GWS2459 14-09-0299 14-09-0299-4 9/4/14 EPA 8260B 



GWS2436 14-09-0299 14-09-0299-5 9/4/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2408 14-09-0299 14-09-0299-6 9/4/14 EPA 8260B 



FBS2023 
(Trip Blank) 



14-09-0299 14-09-0299-7 9/4/14 EPA 8260B 



FBS2038 
(Equipment Blank) 



14-09-0299 14-09-0299-8 9/4/14 EPA 8260B 



FBS2022 
(Trip Blank) 



14-09-0318 14-09-0318-1 9/4/14 EPA 8260B 



GWS2458 14-09-0318 14-09-0318-2 9/4/14 EPA 8260B 



GWS2472 14-09-0318 14-09-0318-3 9/4/14 EPA 8260B 



GWS2446 14-09-0318 14-09-0318-4 9/4/14 EPA 8260B 



GWS2468 14-09-0318 14-09-0318-5 9/4/14 EPA 8260B 



GWS2443 14-09-0318 14-09-0318-6 9/4/14 EPA 8260B 



GWS2471 14-09-0318 14-09-0318-7 9/4/14 EPA 8260B 



FBS2037 
(Equipment Blank) 



14-09-0318 14-09-0318-8 9/4/14 EPA 8260B 



FBS2025 
(Trip Blank) 



14-09-0438 14-09-0438-1 9/5/14 EPA 8260B 



GWS2479 14-09-0438 14-09-0438-2 9/5/14 EPA 8260B 



GWS2467 14-09-0438 14-09-0438-3 9/5/14 EPA 8260B 



GWS2470 14-09-0438 14-09-0438-4 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2473 14-09-0438 14-09-0438-5 9/5/14 EPA 8260B 



GWS2501 
(Field Duplicate of GWS2473) 



14-09-0438 14-09-0438-6 9/5/14 EPA 8260B 



GWS2428 14-09-0438 14-09-0438-7 9/5/14 EPA 8260B 



FBS2040 
(Equipment Blank) 



14-09-0438 14-09-0438-8 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2024 
(Trip Blank) 



14-09-0439 14-09-0439-1 9/5/14 EPA 8260B 



GWS2484 14-09-0439 14-09-0439-2 9/5/14 EPA 8260B 



GWS2488 14-09-0439 14-09-0439-3 9/5/14 EPA 8260B 



GWS2414 14-09-0439 14-09-0439-4 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2045 
(Equipment Blank) 



14-09-0439 14-09-0439-5 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2039 
(Equipment Blank) 



14-09-0439 14-09-0439-6 9/5/14 EPA 8260B 



GWS2482 14-09-0439 14-09-0439-7 9/5/14 EPA 8260B 



GWS2452 14-09-0439 14-09-0439-8 9/5/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2027 
(Trip Blank) 



14-09-0538 14-09-0538-1 9/8/14 EPA 8260B 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2409 14-09-0538 14-09-0538-2 9/8/14 EPA 8260B 



GWS2410 14-09-0538 14-09-0538-3 9/8/14 EPA 8260B 



GWS2421 14-09-0538 14-09-0538-4 9/8/14 EPA 8260B 



GWS2422 14-09-0538 14-09-0538-5 9/8/14 EPA 8260B 



GWS2438 14-09-0538 14-09-0538-6 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2430 14-09-0538 14-09-0538-7 9/8/14 EPA 8260B 



FBS2046 
(Equipment Blank) 



14-09-0538 14-09-0538-8 9/8/14 EPA 8260B 



FBS2041 
(Equipment Blank) 



14-09-0538 14-09-0538-9 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2026 
(Trip Blank) 



14-09-0539 15-09-0539-1 9/8/14 EPA 8260B 



GWS2429 14-09-0539 15-09-0539-2 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2453 14-09-0539 15-09-0539-3 9/8/14 EPA 8260B 



GWS2494 14-09-0539 15-09-0539-4 9/8/14 EPA 8260B 



GWS2425 
(Field Duplicate of GWS2494) 



14-09-0539 15-09-0539-5 9/8/14 EPA 8260B 



GWS2437 14-09-0539 15-09-0539-6 9/8/14 EPA 8260B 



GWS2441 14-09-0539 15-09-0539-7 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2481 14-09-0539 15-09-0539-8 9/8/14 EPA 8260B 



GWS2423 14-09-0539 15-09-0539-9 9/8/14 EPA 8260B 



FBS2042 
(Equipment Blank) 



14-09-0539 15-09-0539-10 9/8/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2028 
(Trip Blank) 



14-09-0656 14-09-0656-1 9/9/14 EPA 8260B 



GWS2502 14-09-0656 14-09-0656-2 9/9/14 EPA 8260B 



GWS2460 14-09-0656 14-09-0656-3 9/9/14 EPA 8260B 



GWS2476 14-09-0656 14-09-0656-4 9/9/14 EPA 8260B 



GWS2480 14-09-0656 14-09-0656-5 9/9/14 EPA 8260B 



GWS2483 14-09-0656 14-09-0656-6 9/9/14 EPA 8260B 



GWS2492 14-09-0656 14-09-0656-7 9/9/14 EPA 8260B 



FBS2044 
(Equipment Blank) 



14-09-0656 14-09-0656-8 9/9/14 EPA 8260B 



FBS2029 
(Trip Blank) 



14-09-0657 14-09-0657-1 9/9/14 EPA 8260B 



GWS2442 14-09-0657 14-09-0657-2 9/9/14 EPA 8260B 



GWS2439 14-09-0657 14-09-0657-3 9/9/14 EPA 8260B 



GWS2474 14-09-0657 14-09-0657-4 9/9/14 EPA 8260B 



GWS2435 14-09-0657 14-09-0657-5 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2497 
(Field Duplicate of GWS2435) 



14-09-0657 14-09-0657-6 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2449 14-09-0657 14-09-0657-7 9/9/14 EPA 8260B 



GWS2431 14-09-0657 14-09-0657-8 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
FBS2043 



(Equipment Blank) 
14-09-0657 14-09-0657-9 9/9/14 EPA 8260B, 6010B, 300.0; RSK-175M 



SM 4500-CO2D, 2320B, 3500-FeB 



FBS2031 
(Trip Blank) 



14-09-0756 14-09-0756-1 9/10/14 EPA 8260B 



GWS2486 14-09-0756 14-09-0756-2 9/10/14 EPA 8260B 



GWS2440 14-09-0756 14-09-0756-3 9/10/14 EPA 8260B 



GWS2418 14-09-0756 14-09-0756-4 9/10/14 EPA 8260B 



GWS2455 14-09-0756 14-09-0756-5 9/10/14 EPA 8260B 



GWS2478 14-09-0756 14-09-0756-6 9/10/14 EPA 8260B 



GWS2448 14-09-0756 14-09-0756-7 9/10/14 EPA 8260B 



GWS2487 14-09-0756 14-09-0756-8 9/10/14 EPA 8260B 



FBS2048 
(trip Blank) 



14-09-0756 14-09-0756-9 9/10/14 EPA 8260B 



FBS2049 
(Equipment Blank) 



14-09-0756 14-09-0756-10 9/10/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2030 
(Trip Blank) 



14-09-0757 14-09-0757-1 9/10/14 EPA 8260B 



GWS2469 14-09-0757 14-09-0757-2 9/10/14 EPA 8260B 



GWS2424 14-09-0757 14-09-0757-3 9/10/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2444 14-09-0757 14-09-0757-4 9/10/14 EPA 8260B 



GWS2417 14-09-0757 14-09-0757-5 9/10/14 EPA 8260B 



GWS2411 14-09-0757 14-09-0757-6 9/10/14 EPA 8260B 



GWS2491 14-09-0757 14-09-0757-7 9/10/14 EPA 8260B 



FBS2047 
(Equipment Blank) 



14-09-0757 14-09-0757-8 9/10/14 EPA 8260B 



FBS2033 
(Trip Blank) 



14-09-0919 14-09-0919-1 9/11/14 EPA 8260B 



GWS2451 14-09-0919 14-09-0919-2 9/11/14 EPA 8260B 



GWS2413 14-09-0919 14-09-0919-3 9/11/14 EPA 8260B 



GWS2463 14-09-0919 14-09-0919-4 9/11/14 EPA 8260B 



GWS2466 14-09-0919 14-09-0919-5 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2498 
(Field Duplicate of GWS2466) 



14-09-0919 14-09-0919-6 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2426 14-09-0919 14-09-0919-7 9/11/14 EPA 8260B 



GWS2495 
(Field Duplicate of GWS2426) 



14-09-0919 14-09-0919-8 9/11/14 EPA 8260B 



GWS2420 14-09-0919 14-09-0919-9 9/11/14 EPA 8260B 



FBS2050 
(Equipment Blank) 



14-09-0919 14-09-0919-10 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2032 
(Trip Blank) 



14-09-0920 14-09-0920-1 9/11/14 EPA 8260B 



GWS2454 14-09-0920 14-09-0920-2 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2485 14-09-0920 14-09-0920-3 9/11/14 EPA 8260B 



GWS2499 
(Field Duplicate of GWS2485) 



14-09-0920 14-09-0920-4 9/11/14 EPA 8260B 
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Table 1 
Eurofins/ Calscience Laboratories 



Sample SDG Sample Number Date Sampled Analysis Performed 
GWS2445 14-09-0920 14-09-0920-5 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 



SM 4500-CO2D, 2320B, 3500-FeB 



GWS2447 14-09-0920 14-09-0920-6 9/11/14 EPA 8260B 



GWS2415 14-09-0920 14-09-0920-7 9/11/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2450 14-09-0920 14-09-0920-8 9/11/14 EPA 8260B 



GWS2500 
(Field Duplicate of GWS2450) 



14-09-0920 14-09-0920-9 9/11/14 EPA 8260B 



FBS2051 
(Equipment Blank) 



14-09-0920 14-09-0920-10 9/11/14 EPA 8260B 



FBS2036 
(Trip Blank) 



14-09-1056 14-09-1056-1 9/12/14 EPA 8260B 



GWS2427 14-09-1056 14-09-1056-2 9/12/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2052 
(Equipment Blank) 



14-09-1056 14-09-1056-3 9/12/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2034 
(Trip Blank) 



14-09-2079 14-09-2079-1 9/25/14 EPA 8260B 



GWS2433 14-09-2079 14-09-2079-2 9/25/14 EPA 8260B 



GWS2462 14-09-2079 14-09-2079-3 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2490 14-09-2079 14-09-2079-4 9/25/14 EPA 8260B 



GWS2477 14-09-2079 14-09-2079-5 9/25/14 EPA 8260B 



GWS2456 14-09-2079 14-09-2079-6 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2475 14-09-2079 14-09-2079-7 9/25/14 EPA 8260B 



FBS2060 
(Equipment Blank) 



14-09-2079 14-09-2079-8 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2035 
(Trip Blank) 



14-09-2095 14-09-2095-1 9/25/14 EPA 8260B 



GWS2412 14-09-2095 14-09-2095-2 9/25/14 EPA 8260B 



GWS2493 
(Field Duplicate of GWS2412) 



14-09-2095 14-09-2095-3 9/25/14 EPA 8260B 



GWS2416 14-09-2095 14-09-2095-4 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2464 14-09-2095 14-09-2095-5 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



GWS2434 14-09-2095 14-09-2095-6 9/25/14 EPA 8260B 



GWS2496 14-09-2095 14-09-2095-7 9/25/14 EPA 8260B 



GWS2465 14-09-2095 14-09-2095-8 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



FBS2061 
(Equipment Blank) 



14-09-2095 14-09-2095-9 9/25/14 EPA 8260B, 6010B, 300.0; RSK-175M 
SM 4500-CO2D, 2320B, 3500-FeB 



IWS0278 14-09-2095 14-09-2095-10 9/25/14 EPA 8260B 



SDG: Sample Delivery Group 
EPA 8260B:  Volatile Organic Compounds (VOCs)   EPA 6010B: Manganese 
EPA 300.0: Nitrate, Sulfate    EPA 8015B: Gasoline Range Organics    
RSK-175M: Methane    SM 3500-FeB: Ferrous Iron 
SM4500-CO2D: Carbon Dioxide    SM 2320:  Alkalinity 
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ATTACHMENT A 
DATA VALIDATION QUALIFIER DEFINITIONS AND INTERPRETATION KEY 



Assigned by URS Data Review Team 
 



DATA QUALIFIER DEFINITIONS FOR ORGANIC ANALYES 
U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
J The analyte was positively identified; the associated numerical value is the approximate concentration of the 



analyte in the sample. 
J+ The result is an estimated quantity, but the result may be biased high.  
J- The result is an estimated quantity, but the result may be biased low.  
 UJ The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation 



limit is approximate and may or may not represent the actual limit of quantitation necessary to accurately and 
precisely measure the analyte in the sample. 



R The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet quality 
control criteria.  The presence or absence of the analyte cannot be verified. 
 
DATA QUALIFIER DEFINITIONS FOR INORGANIC ANALYSES 



U The analyte was analyzed for, but was not detected above the level of the reported sample quantitation limit. 
J The result is an estimated quantity. The associated numerical value is the approximate concentration of the 



analyte in the sample. 
J+ The result is an estimated quantity, but the result may be biased high. 
J- The result is an estimated quantity, but the result may be biased low. 
UJ The analyte was analyzed for, but was not detected. The reported sample quantitation limit is approximate and 



may be inaccurate or imprecise. 
R The data are unusable. The sample results are rejected due to serious deficiencies in meeting quality control 



(QC) criteria.  The analyte may or may not be present in the sample. 
 URS DATA QUALIFIER DEFINITIONS — REASON CODE DEFINITIONS 
a Analytical sequence deficiency or omission. 
b Gross compound breakdown (4,4'-DDT/Endrin). 
c Calibration failure; poor or unstable response. 
d Laboratory duplicate imprecision. 
e Laboratory duplicate control sample imprecision. 
f Field duplicate imprecision. 
g Poor chromatography. 
h Holding time violation. 
i Internal standard failure. 
j Poor mass spectrographic performance. 
k Serial dilution imprecision. 
l Laboratory control sample recovery failure. 
m Matrix spike/matrix spike duplicate recovery failure. 
n Interference check sample recovery failure. 
o Calibration blank contamination (metals/inorganics only). 
p Preparation blank contamination (metals/inorganics only). 
q Quantitation outside linear range.      
r Linearity failure in initial calibration. 
s Surrogate spike recovery failure  
 (GC organics and GC/MS organics only). 
t Instrument tuning failure. 
u No valid confirmation column (GC Organics only). 
v Value is estimated below the MDA (Rads only). 
w Retention time (RT) outside of RT window. 
x Field blank contamination. 
y Trip blank contamination. 
z Method blank contamination. 



INTERPRETATION KEY 
The following example shows how an 
analytical result which includes qualifiers 
assigned by both the URS data review team 
and the analytical laboratory could be 
displayed in the data tables: 
 



<5.20 Uz | JB 
 



The qualifier assigned by the URS data review 
team precedes the “|”; the qualifier assigned 
by the laboratory follows it.  In this example, 
the result is qualified as a non-detection data 
to the bias introduced by contamination of the 
associated method blank.  Presence of the 
analyte in the method blank is indicated by 
the laboratory qualifier (B).  The qualifier 
assigned by the URS data review team (Uz) 
indicates that the analyte concentration is 
considered to be below the adjusted detection 
limit (quantitation limit) based on the level of 
contamination in the method blank. 



















FIELD NAME DESCRIPTION/PURPOSE TYPE COMMENTS



SITE_ID
Sampling location for water quality 
data Text



Key field that links data to well 
information EDD



SAMP_ID
Unique sample identifier provided by 
the user on the chain-of-custody. Text



SAMP_DATE Date sample was collected
Date 



(dd/mm/yyyy)



METHOD
Analytical method used for analysis 
(standardized based on code table) Text



SCRN_INVAL
The depth range below measuring 
point of the well screen Text



PF_CODE



Code to indicate sample was filtered 
by field or lab:  T = total sample, D = 
dissolved sample. Text



ANALYTE
Name of analyte as reported by 
laboratory Text



CAS_NUM



Identity of analyte (coding based on 
standardized list of codes agreed to by 
H+A and URS) Text



This is the key field that will identify 
the analyte.   Generally this will be 
the CAS number if one is available 
for an analyte.  



RESULT



Detected result in numerical format.  
Non-detected results with detection 
limit Text



DL_FLAG
Contains 'U' for non-detected results, 
otherwise null Text



RL
Analytical reporting limit stored in text 
format to preserve significant figures Text



NUM_RL
Analytical reporting limit stored in 
numeric format Real



UNITS
Original lab reported analytical units 
(code) Text



DILUTION Dilution factor Real
This is not coded for every line in the 
historic Montrose data set



ER_Q



Holds the qualifier applied during data 
validation.  EPA qualifiers to be used 
(code). Text



No rejected data to be included in 
the EDD



SOURCE Source of data (code) Text
M = Montrose database, D = Del 
Amo database



ENTRYDATE Date of upload (or creation of "EDD")
Date 



(dd/mm/yyyy)



Date of creation of data set as either 
an EDD or as an upload to the joint 
database 



OWNERLINENO



An optional field to allow the uploaded 
data to be linked back to the "mother" 
database Long Integer



An optional field that can allow 
linking of data back to source 
database



EDD Transfer Format.xlsx EDD WQ
Page 1 of 1











*************************   ATTACHMENT  REMOVED   *************************

This message contained an attachment which the administrator has caused
to be removed.

*************************   ATTACHMENT  REMOVED   *************************

Attachment name: [Appx B; EDD.zip]
Attachment type: [application/x-zip-compressed]







Please find in the attached files the 2014 Baseline Groundwater Monitoring Report prepared
 by URS on behalf of Shell Oil Company.  Appendix B has been separated out from the other
 .pdf appendix files because a portion of it is a compressed .txt file to facilitate electronic entry
 of the groundwater data into a database. The associated “EDD Transfer Format” file provides
 an explanation of the various fields in the database file.
 
We look forward to your review and any questions or comments you may have.
 
Best regards,
 
Erich Weaver
Senior Geologist
805 692 0648
 
AECOM
130 Robin Hill Road, Suite 100
Santa Barbara, California 93117
805-692-0600
 
 


This e-mail and any attachments contain AECOM confidential information that may be proprietary or privileged. If you receive
 this message in error or are not the intended recipient, you should not retain, distribute, disclose or use any of this
 information and you should destroy the e-mail and any attachments or copies.
 








From: Natalia.Raykhman@CH2M.com
To: Wetmore, Cynthia
Subject: FW: Montrose pCBSA Validation 15011722
Date: Friday, February 06, 2015 1:22:10 PM
Attachments: 15-01-1722_s1.pdf


15011722.csv
15-01-1722.pdf


Hi Cynthia,
We validated the sampling results from WRD wells. All of the quality control indicators were within control and the
 data is not qualified with the exception of one result that was flag UJ (estimated non-detect) because of matrix
 interference.  Nevertheless, this one flagged result is still useable and pCBSA is definitely not detected, but the
 detection limit reported may not be precise because of this specific sample's matrix appears to be interfering with
 the precise quantitation of pCBSA.  In summary, all the results are non-detect and you can be confident in using
 these results for decisions making.


Please let me know if you have any questions
Natasha



mailto:Natalia.Raykhman@CH2M.com

mailto:Wetmore.Cynthia@epa.gov






WORK ORDER NUMBER: 15-01-1722



Analytical Report For
Client: CH2M Hill



Client Project Name: Montrose EPA
Attention: Natasha Raykhman



6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735



Approved for release on                    by:
Virendra Patel
Project Manager



AIR SOIL WATER MARINE CHEMISTRY



Eurofins Calscience, Inc. (Calscience) certifies that the test results provided in this report meet all NELAC requirements for parameters for which accreditation is
required or available. Any exceptions to NELAC requirements are noted in the case narrative. The original report of subcontracted analyses, if any, is attached to
this report. The results in this report are limited to the sample(s) tested and any reproduction thereof must be made in its entirety. The client or recipient of this
report is specifically prohibited from making material changes to said report and, to the extent that such changes are made, Calscience is not responsible, legally or
otherwise. The client or recipient agrees to indemnify Calscience for any defense to any litigation which may arise.



02/02/2015



Supplemental Report 1



The original report has been revised to
include the Level IV deliverables
package.
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Condition Upon Receipt: 
Samples were received under Chain-of-Custody (COC) on 01/28/15. They were assigned to Work Order 15-01-1722. 
Unless otherwise noted on the Sample Receiving forms all samples were received in good condition and within the



recommended EPA temperature criteria for the methods noted on the COC. The COC and Sample Receiving Documents are



integral elements of the analytical report and are presented at the back of the report. 
Holding Times: 
All samples were analyzed within prescribed holding times (HT) and/or in accordance with the Calscience Sample Acceptance



Policy unless otherwise noted in the analytical report and/or comprehensive case narrative, if required. 
Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15



minutes (40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being



received outside of the stated holding time unless received at the laboratory within 15 minutes of the collection time. 
Quality Control: 
All quality control parameters (QC) were within established control limits except where noted in the QC summary forms or



described further within this report. 
Additional Comments: 
Air - Sorbent-extracted air methods (EPA TO-4A, EPA TO-10, EPA TO-13A, EPA TO-17): Analytical results are converted from



mass/sample basis to mass/volume basis using client-supplied air volumes. 
New York NELAP air  certification  does not certify for all reported methods and analytes, reference the accredited items here:



http://www.calscience.com/PDF/New_York.pdf  
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC



results are always reported on a wet weight basis. 
Subcontractor Information: 
Unless otherwise noted below (or on the subcontract form), no samples were subcontracted. 



Work Order Narrative
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Sample Identification Lab Number Collection Date and Time Number of
Containers



Matrix



#1 15-01-1722-1 01/28/15 09:35 1 Aqueous



#2 15-01-1722-2 01/28/15 10:10 1 Aqueous



#3 15-01-1722-3 01/28/15 10:30 1 Aqueous



#4 15-01-1722-4 01/28/15 10:50 1 Aqueous



#5 15-01-1722-5 01/28/15 11:10 1 Aqueous



#6 15-01-1722-6 01/28/15 11:00 1 Aqueous



Sample Summary



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



Client: CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Work Order: 15-01-1722



Project Name: Montrose EPA



PO Number: 10006-7-101546



Date/Time
Received:



01/28/15 11:53



Number of
Containers:



6



Attn: Natasha Raykhman
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Client Sample ID Method Name Type Ext Name Instrument MS/MSD/SDP LCS/LCSD



#1 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#2 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#3 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#4 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#5 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#6 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



QC Association Summary
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



#1 15-01-1722-1-A 01/28/15
09:35



Aqueous IC 13 N/A 01/29/15
15:08



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#2 15-01-1722-2-A 01/28/15
10:10



Aqueous IC 13 N/A 01/29/15
15:26



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#3 15-01-1722-3-A 01/28/15
10:30



Aqueous IC 13 N/A 01/29/15
15:45



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#4 15-01-1722-4-A 01/28/15
10:50



Aqueous IC 13 N/A 01/29/15
16:03



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#5 15-01-1722-5-A 01/28/15
11:10



Aqueous IC 13 N/A 01/29/15
16:21



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#6 15-01-1722-6-A 01/28/15
11:00



Aqueous IC 13 N/A 01/29/15
16:40



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Units: ug/L



Project: Montrose EPA Page 1 of 2



   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



Method Blank 099-15-080-53 N/A Aqueous IC 13 N/A 01/29/15
14:27



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Units: ug/L



Project: Montrose EPA Page 2 of 2



   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



#1 Sample Aqueous IC 13 N/A 01/29/15 15:08 150129S01



#1 Matrix Spike Aqueous IC 13 N/A 01/29/15 16:58 150129S01



#1 Matrix Spike Duplicate Aqueous IC 13 N/A 01/29/15 17:17 150129S01



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



p-Chlorobenzenesulfonic Acid ND 25.00 20.50 82 28.16 113 70-130 32 0-20 4



Quality Control - Spike/Spike Duplicate



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Project: Montrose EPA Page 1 of 1



   RPD: Relative Percent Difference.     CL: Control Limits
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-080-53 LCS Aqueous IC 13 N/A 01/29/15 14:46 150129L01



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL Qualifiers



p-Chlorobenzenesulfonic Acid 25.00 26.94 108 80-120



Quality Control - LCS



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Project: Montrose EPA Page 1 of 1



   RPD: Relative Percent Difference.     CL: Control Limits
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Method Extraction Chemist ID Instrument Analytical Location



EPA 314.0 (M) pCBSA N/A 650 IC 13 1



Sample Analysis Summary Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



Work Order: 15-01-1722 Page 1 of 1



   Location 1: 7440 Lincoln Way, Garden Grove, CA 92841
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Qualifiers Definition



* See applicable analysis comment.



< Less than the indicated value.



> Greater than the indicated value.



1 Surrogate compound recovery was out of control due to a required sample dilution.  Therefore, the sample data was reported without further
clarification.



2 Surrogate compound recovery was out of control due to matrix interference.  The associated method blank surrogate spike compound was
in control and, therefore, the sample data was reported without further clarification.



3 Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of control due to suspected matrix interference. The
associated LCS recovery was in control.



4 The MS/MSD RPD was out of control due to suspected matrix interference.



5 The PDS/PDSD or PES/PESD associated with this batch of samples was out of control due to suspected matrix interference.



6 Surrogate recovery below the acceptance limit.



7 Surrogate recovery above the acceptance limit.



B Analyte was present in the associated method blank.



BU Sample analyzed after holding time expired.



BV Sample received after holding time expired.



E Concentration exceeds the calibration range.



ET Sample was extracted past end of recommended max. holding time.



HD The chromatographic pattern was inconsistent with the profile of the reference fuel standard.



HDH The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but heavier hydrocarbons
were also present (or detected).



HDL The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but lighter hydrocarbons were
also present (or detected).



J Analyte was detected at a concentration below the reporting limit and above the laboratory method detection limit.  Reported value is
estimated.



JA Analyte positively identified but quantitation is an estimate.



ME LCS Recovery Percentage is within Marginal Exceedance (ME) Control Limit range (+/- 4 SD from the mean).



ND Parameter not detected at the indicated reporting limit.



Q Spike recovery and RPD control limits do not apply resulting from the parameter concentration in the sample exceeding the spike
concentration by a factor of four or greater.



SG The sample extract was subjected to Silica Gel treatment prior to analysis.



X % Recovery and/or RPD out-of-range.



Z Analyte presence was not confirmed by second column or GC/MS analysis.



Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC results are
reported on a wet weight basis.



Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15 minutes
(40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being received outside of the
stated holding time unless received at the laboratory within 15 minutes of the collection time.



A calculated total result (Example: Total Pesticides) is the summation of each component concentration and/or, if "J" flags are reported,
estimated concentration.  Component concentrations showing not detected (ND) are summed into the calculated total result as zero
concentrations.



Glossary of Terms and Qualifiers
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                                                                                       Case Narrative 
Client Project Name: Montrose EPA 



Work Order Number: 15-01-1722 



Page 1 of 2 
 



CONDITION UPON RECEIPT: 



Eurofins Calscience, Inc. received six aqueous samples on January 28
th



, 2015.  A total of six 



containers were received in good condition and at a temperature of 3.9
o
C, which was within the 



recommended temperature criteria of > 0
o
C – 6



o
C.  



Client Sample ID Lab Sample ID Date & Time  



Sampled 



Date & Time  



Received 



#1 15-01-1722-1 01/28/15 09:35 01/28/15 11:53 



#2 15-01-1722-2 01/28/15 10:10 01/28/15 11:53 



#3 15-01-1722-3 01/28/15 10:30 01/28/15 11:53 



#4 15-01-1722-4 01/28/15 10:50 01/28/15 11:53 



#5 15-01-1722-5 01/28/15 11:10 01/28/15 11:53 



#6 15-01-1722-6 01/28/15 11:00 01/28/15 11:53 



 



DATA SUMMARY: 



As per the chain of custody (COC), the samples were analyzed for pCBSA by EPA Method 



314.0 (M). 



The samples were analyzed within the suggested EPA holding time for the requested methods 



unless otherwise noted. 



Sample results were reported down to the MDL. In the instance where a result fell between the 



RL and the MDL a “J” flag was applied to the data indicating an estimated value. 



Any dilutions made to the sample(s) and/or QC will be noted in the following narrative.  



Reporting limits have been adjusted accordingly.  



The samples and analytical QC were within acceptance criteria unless otherwise noted.  



Manual integrations made to the data will be noted in the following narrative.  The before and 



amended chromatograms have been included in the data package. 



EPA Method 314.0 (M) pCBSA: 



Samples 15-01-1722: -1 through -6 were analyzed for pCBSA by EPA Method 314.0 (M).  The 



samples were analyzed on 01/29/15 in batch #s 150129L01 / 150120S01 on IC 13.  



 



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501
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                                                                                       Case Narrative 
Client Project Name: Montrose EPA 



Work Order Number: 15-01-1722 



Page 2 of 2 
 



Initial Calibration and Initial Calibration Verification: 



The initial calibration was performed on 01/14/15 on IC 13.  All values were within acceptance 



criteria. 



Manual integrations were performed on the target analyte in one or more of the ICAL standards 



and/or ICV to correct the peak and/or baseline integration. 



Continuing Calibration Verification: 



All values were within acceptance criteria.  



Manual integrations were performed on the target analyte in one or more of the CCVs to correct 



the peak and/or baseline integration. 



Sample and QC: 



The method blank was non-detect and the LCS was within acceptance criteria. 



The MS/MSD was performed on sample -1. The RPD was outside acceptance criteria and has 



been flagged in the report. 



Manual integration was performed on the target analyte in the LCS to correct the peak and/or 



baseline integration. 



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501
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			9.1 EPA 314.0 pCBSA







			VersionCode			LabName			SDG			FieldID			NativeID			QAQCType			LRType			Matrix			LabSampleID			AnalysisMethod			ExtractioNmethod			SampleDate			SampleTime			ReceiveDate			ExtractDate			ExtractTime			AnalysisDate			AnalysisTime			PercentSolids			LabLotCtlNum			CAS			ParamID			Analyte			Result			ExpectedValue			Units			Dilution			MDL			RL			LabQualifier			Surrogate			Comments			ParValUncert			Recovery			LowerControlLimit			UpperControlLimit			Basis			ConcQual			MDLAdjusted			RLAdjusted			SampleDescription			LeachMethod			LeachDate			LeachTime			LeachLot			AnalysisLot			CalRefID			Spike_Added			Surr_Spike_Units			LOD			LODAdjusted


			4.20AFCEE3			CEL			15011722			0991508053			0991508053			LB						WATER			0991508053			E314.0			NONE												01/29/15			2:27 PM			01/29/15			2:27 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46			0			UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0						NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#1MS			#1MS			MS						WATER			150117221			E314.0			NONE			01/28/15			9:35 AM			01/28/15			01/29/15			4:58 PM			01/29/15			4:58 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			20.50			25.00			UG/L			1.00			0.4582			5.000			=			N									82			70			130			X			=			0.4582			5.000						NONE												150129L01						25.00						5.000			


			4.20AFCEE3			CEL			15011722			#1SD			#1SD			SD						WATER			150117221			E314.0			NONE			01/28/15			9:35 AM			01/28/15			01/29/15			5:17 PM			01/29/15			5:17 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			28.16			25.00			UG/L			1.00			0.4582			5.000			=4			N									113			70			130			X			=			0.4582			5.000						NONE												150129L01						25.00						5.000			


			4.20AFCEE3			CEL			15011722			0991508053BS			0991508053			BS						WATER			0991508053			E314.0			NONE												01/29/15			2:46 PM			01/29/15			2:46 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			26.94			25.00			UG/L			1.00			0.4582			5.000			=			N									108			80			120			X			=			0.4582			5.000						NONE												150129L01						25.00						5.000			


			4.20AFCEE3			CEL			15011722			#1			#1			N						WATER			150117221			E314.0			NONE			01/28/15			9:35 AM			01/28/15			01/29/15			3:08 PM			01/29/15			3:08 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#1			NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#2			#2			N						WATER			150117222			E314.0			NONE			01/28/15			10:10 AM			01/28/15			01/29/15			3:26 PM			01/29/15			3:26 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#2			NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#3			#3			N						WATER			150117223			E314.0			NONE			01/28/15			10:30 AM			01/28/15			01/29/15			3:45 PM			01/29/15			3:45 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#3			NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#4			#4			N						WATER			150117224			E314.0			NONE			01/28/15			10:50 AM			01/28/15			01/29/15			4:03 PM			01/29/15			4:03 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#4			NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#5			#5			N						WATER			150117225			E314.0			NONE			01/28/15			11:10 AM			01/28/15			01/29/15			4:21 PM			01/29/15			4:21 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#5			NONE												150129L01												5.0			


			4.20AFCEE3			CEL			15011722			#6			#6			N						WATER			150117226			E314.0			NONE			01/28/15			11:00 AM			01/28/15			01/29/15			4:40 PM			01/29/15			4:40 PM			0			150129L01			98-66-8			pCBSA			p-Chlorobenzenesulfonic Acid			0.46						UG/L			1.00			0.46			5.0						N			-Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.															X			U			0.46			5.0			#6			NONE												150129L01												5.0			
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Condition Upon Receipt: 
Samples were received under Chain-of-Custody (COC) on 01/28/15. They were assigned to Work Order 15-01-1722. 
Unless otherwise noted on the Sample Receiving forms all samples were received in good condition and within the



recommended EPA temperature criteria for the methods noted on the COC. The COC and Sample Receiving Documents are



integral elements of the analytical report and are presented at the back of the report. 
Holding Times: 
All samples were analyzed within prescribed holding times (HT) and/or in accordance with the Calscience Sample Acceptance



Policy unless otherwise noted in the analytical report and/or comprehensive case narrative, if required. 
Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15



minutes (40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being



received outside of the stated holding time unless received at the laboratory within 15 minutes of the collection time. 
Quality Control: 
All quality control parameters (QC) were within established control limits except where noted in the QC summary forms or



described further within this report. 
Additional Comments: 
Air - Sorbent-extracted air methods (EPA TO-4A, EPA TO-10, EPA TO-13A, EPA TO-17): Analytical results are converted from



mass/sample basis to mass/volume basis using client-supplied air volumes. 
New York NELAP air  certification  does not certify for all reported methods and analytes, reference the accredited items here:



http://www.calscience.com/PDF/New_York.pdf  
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC



results are always reported on a wet weight basis. 
Subcontractor Information: 
Unless otherwise noted below (or on the subcontract form), no samples were subcontracted. 
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Sample Identification Lab Number Collection Date and Time Number of
Containers



Matrix



#1 15-01-1722-1 01/28/15 09:35 1 Aqueous



#2 15-01-1722-2 01/28/15 10:10 1 Aqueous



#3 15-01-1722-3 01/28/15 10:30 1 Aqueous



#4 15-01-1722-4 01/28/15 10:50 1 Aqueous



#5 15-01-1722-5 01/28/15 11:10 1 Aqueous



#6 15-01-1722-6 01/28/15 11:00 1 Aqueous



Sample Summary
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Client: CH2M Hill



6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Work Order: 15-01-1722



Project Name: Montrose EPA



PO Number:



Date/Time
Received:



01/28/15 11:53



Number of
Containers:



6



Attn: Natasha Raykhman
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Client Sample ID Method Name Type Ext Name Instrument MS/MSD/SDP LCS/LCSD



#1 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#2 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#3 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#4 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#5 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



#6 EPA 314.0 (M) pCBSA N/A IC 13 150129S01 150129L01



QC Association Summary
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



#1 15-01-1722-1-A 01/28/15
09:35



Aqueous IC 13 N/A 01/29/15
15:08



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#2 15-01-1722-2-A 01/28/15
10:10



Aqueous IC 13 N/A 01/29/15
15:26



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#3 15-01-1722-3-A 01/28/15
10:30



Aqueous IC 13 N/A 01/29/15
15:45



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#4 15-01-1722-4-A 01/28/15
10:50



Aqueous IC 13 N/A 01/29/15
16:03



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#5 15-01-1722-5-A 01/28/15
11:10



Aqueous IC 13 N/A 01/29/15
16:21



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



#6 15-01-1722-6-A 01/28/15
11:00



Aqueous IC 13 N/A 01/29/15
16:40



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report
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6 Hutton Centre Drive, Suite 700



Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Units: ug/L



Project: Montrose EPA Page 1 of 2



   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



Method Blank 099-15-080-53 N/A Aqueous IC 13 N/A 01/29/15
14:27



150129L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report
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Units: ug/L



Project: Montrose EPA Page 2 of 2



   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



#1 Sample Aqueous IC 13 N/A 01/29/15 15:08 150129S01



#1 Matrix Spike Aqueous IC 13 N/A 01/29/15 16:58 150129S01



#1 Matrix Spike Duplicate Aqueous IC 13 N/A 01/29/15 17:17 150129S01



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



p-Chlorobenzenesulfonic Acid ND 25.00 20.50 82 28.16 113 70-130 32 0-20 4



Quality Control - Spike/Spike Duplicate
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Santa Ana, CA 92707-5735
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Work Order: 15-01-1722
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Method: EPA 314.0 (M) pCBSA
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   RPD: Relative Percent Difference.     CL: Control Limits
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-080-53 LCS Aqueous IC 13 N/A 01/29/15 14:46 150129L01



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL Qualifiers



p-Chlorobenzenesulfonic Acid 25.00 26.94 108 80-120



Quality Control - LCS
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Santa Ana, CA 92707-5735



Date Received: 01/28/15



Work Order: 15-01-1722



Preparation: N/A



Method: EPA 314.0 (M) pCBSA



Project: Montrose EPA Page 1 of 1



   RPD: Relative Percent Difference.     CL: Control Limits
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Method Extraction Chemist ID Instrument Analytical Location



EPA 314.0 (M) pCBSA N/A 650 IC 13 1



Sample Analysis Summary Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501
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   Location 1: 7440 Lincoln Way, Garden Grove, CA 92841
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Qualifiers Definition



* See applicable analysis comment.



< Less than the indicated value.



> Greater than the indicated value.



1 Surrogate compound recovery was out of control due to a required sample dilution.  Therefore, the sample data was reported without further
clarification.



2 Surrogate compound recovery was out of control due to matrix interference.  The associated method blank surrogate spike compound was
in control and, therefore, the sample data was reported without further clarification.



3 Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of control due to suspected matrix interference. The
associated LCS recovery was in control.



4 The MS/MSD RPD was out of control due to suspected matrix interference.



5 The PDS/PDSD or PES/PESD associated with this batch of samples was out of control due to suspected matrix interference.



6 Surrogate recovery below the acceptance limit.



7 Surrogate recovery above the acceptance limit.



B Analyte was present in the associated method blank.



BU Sample analyzed after holding time expired.



BV Sample received after holding time expired.



E Concentration exceeds the calibration range.



ET Sample was extracted past end of recommended max. holding time.



HD The chromatographic pattern was inconsistent with the profile of the reference fuel standard.



HDH The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but heavier hydrocarbons
were also present (or detected).



HDL The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but lighter hydrocarbons were
also present (or detected).



J Analyte was detected at a concentration below the reporting limit and above the laboratory method detection limit.  Reported value is
estimated.



JA Analyte positively identified but quantitation is an estimate.



ME LCS Recovery Percentage is within Marginal Exceedance (ME) Control Limit range (+/- 4 SD from the mean).



ND Parameter not detected at the indicated reporting limit.



Q Spike recovery and RPD control limits do not apply resulting from the parameter concentration in the sample exceeding the spike
concentration by a factor of four or greater.



SG The sample extract was subjected to Silica Gel treatment prior to analysis.



X % Recovery and/or RPD out-of-range.



Z Analyte presence was not confirmed by second column or GC/MS analysis.



Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC results are
reported on a wet weight basis.



Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15 minutes
(40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being received outside of the
stated holding time unless received at the laboratory within 15 minutes of the collection time.



A calculated total result (Example: Total Pesticides) is the summation of each component concentration and/or, if "J" flags are reported,
estimated concentration.  Component concentrations showing not detected (ND) are summed into the calculated total result as zero
concentrations.



Glossary of Terms and Qualifiers



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



Work Order: 15-01-1722 Page 1 of 1



R
et



ur
n 



to
 C



on
te



nt
s



Page 11 of 13











R
et



ur
n 



to
 C



on
te



nt
s



Page 12 of 13











R
et



ur
n 



to
 C



on
te



nt
s



Page 13 of 13








			Cover Page


			Table of Contents


			Work Order Narrative


			Sample Summary


			QC Association Summary


			Client Sample Data


			EPA 314.0 (M) pCBSA (Aqueous)





			Quality Control Sample Data


			MS/MSD


			LCS/LCSD





			Sample Analysis Summary


			Glossary of Terms and Qualifiers


			Chain-of-Custody/Sample Receipt Form










From: Wetmore, Cynthia
To: Lyons, John
Cc: MARTINEZ, YARISSA; Barton, Dana; Mayer, Kevin
Subject: FW: SWL0049
Date: Friday, February 27, 2015 2:55:00 PM
Attachments: 15-02-1516.pdf


image002.png


Hi John, 
Montrose sampled well 0049 about a week ago and sent the results to me just now.  This is the
 shallow monitoring well in the neighborhood that had a spike in concentrations in the past year
 before Montrose installed a portable treatment system.  Chlorobenzene concentrations were
 roughly equal to what was observed in October 2014. 
 
Chlorobenzene = 5,800 µg/L (5,600 µg/L dup)
TCE = 130 µg/L
PCE = 140 µg/L
Benzene = 43 µg/L
 
 


Date Chlorobenzene Concentration in Well 0049
Nov 2006 8 µg/L
Nov 2012 2,900 µg/L
Nov 2013 11,000 µg/L
Jan 2014 12,000 µg/L
Pilot test started at EW-3 in May
 2014


 


June 2014     13,000 µg/L
July 2014       12,000 µg/L
Aug 2014                 10,000 µg/L
Sept2014        8,700 µg/L
Oct 2014 6,200 µg/L
February 2015 5,800 µg/L/ 5,600 µg/L


 
 
 
 
 


Cynthia Wetmore, Technical Support Section
US.EPA, Region IX, Superfund Division
75 Hawthorne Street, San Francisco, 94105
(415)972-3059
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WORK ORDER NUMBER: 15-02-1516



Analytical Report For
Client: AECOM



Client Project Name: Montrose Superfund Site / 60288979.16
Attention: Katharine Carr Green



3995 Via Oro Ave
Long Beach, CA 90810-1869



Approved for release on                    by:
Vikas Patel
Project Manager



AIR SOIL WATER MARINE CHEMISTRY



Eurofins Calscience, Inc. (Calscience) certifies that the test results provided in this report meet all NELAC requirements for parameters for which accreditation is
required or available. Any exceptions to NELAC requirements are noted in the case narrative. The original report of subcontracted analyses, if any, is attached to
this report. The results in this report are limited to the sample(s) tested and any reproduction thereof must be made in its entirety. The client or recipient of this
report is specifically prohibited from making material changes to said report and, to the extent that such changes are made, Calscience is not responsible, legally or
otherwise. The client or recipient agrees to indemnify Calscience for any defense to any litigation which may arise.



02/20/2015
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Condition Upon Receipt: 
Samples were received under Chain-of-Custody (COC) on 02/20/15. They were assigned to Work Order 15-02-1516. 
Unless otherwise noted on the Sample Receiving forms all samples were received in good condition and within the



recommended EPA temperature criteria for the methods noted on the COC. The COC and Sample Receiving Documents are



integral elements of the analytical report and are presented at the back of the report. 
Holding Times: 
All samples were analyzed within prescribed holding times (HT) and/or in accordance with the Calscience Sample Acceptance



Policy unless otherwise noted in the analytical report and/or comprehensive case narrative, if required. 
Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15



minutes (40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being



received outside of the stated holding time unless received at the laboratory within 15 minutes of the collection time. 
Quality Control: 
All quality control parameters (QC) were within established control limits except where noted in the QC summary forms or



described further within this report. 
Subcontractor Information: 
Unless otherwise noted below (or on the subcontract form), no samples were subcontracted. 
Additional Comments: 
Air - Sorbent-extracted air methods (EPA TO-4A, EPA TO-10, EPA TO-13A, EPA TO-17): Analytical results are converted from



mass/sample basis to mass/volume basis using client-supplied air volumes. 
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC



results are always reported on a wet weight basis. 



Work Order Narrative
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Client Sample ID Method Name Type Ext Name Instrument MS/MSD/SDP LCS/LCSD



SWL0049-20150220 EPA 314.0 (M) pCBSA N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 314.0 (M) pCBSA R N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 8260B Volatile Organics EPA 5030C GC/MS L 150220S009 150220L020



SWL0049-20150220 EPA 8260B Volatile Organics R EPA 5030C GC/MS L 150220S009 150220L020



QC Association Summary
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Subcontracted analyses, if any, are not included in this summary. 



SWL0049-20150220 (15-02-1516-1)



p-Chlorobenzenesulfonic Acid 21000 E 500 ug/L EPA 314.0 (M) pCBSA N/A



p-Chlorobenzenesulfonic Acid 20000 2000 ug/L EPA 314.0 (M) pCBSA N/A



Benzene 43 J 32* ug/L EPA 8260B EPA 5030C



Chlorobenzene 5800 E 50 ug/L EPA 8260B EPA 5030C



Chlorobenzene 5600 120 ug/L EPA 8260B EPA 5030C



1,2-Dichloroethane 240 50 ug/L EPA 8260B EPA 5030C



Tetrachloroethene 130 50 ug/L EPA 8260B EPA 5030C



Trichloroethene 140 50 ug/L EPA 8260B EPA 5030C



Detections Summary
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Client: AECOM



3995 Via Oro Ave



Long Beach, CA 90810-1869



Work Order: 15-02-1516



Project Name: Montrose Superfund Site / 60288979.16



Received: 02/20/15



Attn: Katharine Carr Green Page 1 of 1



Client SampleID



Analyte Result Qualifiers RL Units Method Extraction



   * MDL is shown
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
13:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 21000 500 46 100 E



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
14:10



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 20000 2000 180 400



Method Blank 099-15-080-56 N/A Aqueous IC 8 N/A 02/20/15
12:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report
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Units: ug/L



Project: Montrose Superfund Site / 60288979.16 Page 1 of 1



   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
15:43



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 1000 350 100



Benzene 43 50 32 100 J



Bromobenzene ND 50 33 100



Bromochloromethane ND 100 38 100



Bromodichloromethane ND 50 20 100



Bromoform ND 50 34 100



Bromomethane ND 100 38 100



2-Butanone ND 500 290 100



n-Butylbenzene ND 50 34 100



sec-Butylbenzene ND 50 23 100



tert-Butylbenzene ND 50 38 100



Carbon Disulfide ND 100 44 100



Carbon Tetrachloride ND 50 22 100



Chlorobenzene 5800 50 14 100 E



Chloroethane ND 50 34 100



Chloroform ND 50 22 100



Chloromethane ND 50 22 100



2-Chlorotoluene ND 50 34 100



4-Chlorotoluene ND 50 33 100



Dibromochloromethane ND 50 24 100



1,2-Dibromo-3-Chloropropane ND 500 290 100



1,2-Dibromoethane ND 50 34 100



Dibromomethane ND 50 34 100



1,2-Dichlorobenzene ND 50 17 100



1,3-Dichlorobenzene ND 50 17 100



1,4-Dichlorobenzene ND 50 31 100



Dichlorodifluoromethane ND 100 24 100



1,1-Dichloroethane ND 50 19 100



1,2-Dichloroethane 240 50 18 100



1,1-Dichloroethene ND 50 20 100



c-1,2-Dichloroethene ND 50 24 100



t-1,2-Dichloroethene ND 50 26 100



1,2-Dichloropropane ND 50 24 100



1,3-Dichloropropane ND 100 24 100



Analytical Report
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   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 100 42 100



1,1-Dichloropropene ND 50 28 100



c-1,3-Dichloropropene ND 50 18 100



t-1,3-Dichloropropene ND 50 35 100



Ethylbenzene ND 50 32 100



2-Hexanone ND 1000 260 100



Isopropylbenzene ND 50 42 100



p-Isopropyltoluene ND 50 14 100



Methylene Chloride ND 100 38 100



4-Methyl-2-Pentanone ND 500 270 100



Naphthalene ND 100 41 100



n-Propylbenzene ND 50 38 100



Styrene ND 50 32 100



1,1,1,2-Tetrachloroethane ND 50 24 100



1,1,2,2-Tetrachloroethane ND 50 22 100



Tetrachloroethene 130 50 22 100



Toluene ND 50 26 100



1,2,3-Trichlorobenzene ND 50 25 100



1,2,4-Trichlorobenzene ND 50 25 100



1,1,1-Trichloroethane ND 50 19 100



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 50 26 100



1,1,2-Trichloroethane ND 50 32 100



Trichloroethene 140 50 23 100



Trichlorofluoromethane ND 50 25 100



1,2,3-Trichloropropane ND 100 25 100



1,2,4-Trimethylbenzene ND 50 15 100



1,3,5-Trimethylbenzene ND 50 33 100



Vinyl Acetate ND 500 220 100



Vinyl Chloride ND 50 27 100



p/m-Xylene ND 50 24 100



o-Xylene ND 50 39 100



Methyl-t-Butyl Ether (MTBE) ND 50 29 100



Tert-Butyl Alcohol (TBA) ND 1000 410 100



Diisopropyl Ether (DIPE) ND 50 24 100



Ethyl-t-Butyl Ether (ETBE) ND 50 22 100



Tert-Amyl-Methyl Ether (TAME) ND 50 24 100



Ethanol ND 5000 1700 100



Analytical Report
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   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 89 68-120



Dibromofluoromethane 97 80-127



1,2-Dichloroethane-d4 106 80-128



Toluene-d8 97 80-120



Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
16:39



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Chlorobenzene 5600 120 36 250



Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 88 68-120



Dibromofluoromethane 98 80-127



1,2-Dichloroethane-d4 111 80-128



Toluene-d8 97 80-120



Analytical Report
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



Method Blank 099-15-234-93 N/A Aqueous GC/MS L 02/20/15 02/20/15
11:55



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 10 3.5 1.00



Benzene ND 0.50 0.32 1.00



Bromobenzene ND 0.50 0.33 1.00



Bromochloromethane ND 1.0 0.38 1.00



Bromodichloromethane ND 0.50 0.20 1.00



Bromoform ND 0.50 0.34 1.00



Bromomethane ND 1.0 0.38 1.00



2-Butanone ND 5.0 2.9 1.00



n-Butylbenzene ND 0.50 0.34 1.00



sec-Butylbenzene ND 0.50 0.23 1.00



tert-Butylbenzene ND 0.50 0.38 1.00



Carbon Disulfide ND 1.0 0.44 1.00



Carbon Tetrachloride ND 0.50 0.22 1.00



Chlorobenzene ND 0.50 0.14 1.00



Chloroethane ND 0.50 0.34 1.00



Chloroform ND 0.50 0.22 1.00



Chloromethane ND 0.50 0.22 1.00



2-Chlorotoluene ND 0.50 0.34 1.00



4-Chlorotoluene ND 0.50 0.33 1.00



Dibromochloromethane ND 0.50 0.24 1.00



1,2-Dibromo-3-Chloropropane ND 5.0 2.9 1.00



1,2-Dibromoethane ND 0.50 0.34 1.00



Dibromomethane ND 0.50 0.34 1.00



1,2-Dichlorobenzene ND 0.50 0.17 1.00



1,3-Dichlorobenzene ND 0.50 0.17 1.00



1,4-Dichlorobenzene ND 0.50 0.31 1.00



Dichlorodifluoromethane ND 1.0 0.24 1.00



1,1-Dichloroethane ND 0.50 0.19 1.00



1,2-Dichloroethane ND 0.50 0.18 1.00



1,1-Dichloroethene ND 0.50 0.20 1.00



c-1,2-Dichloroethene ND 0.50 0.24 1.00



t-1,2-Dichloroethene ND 0.50 0.26 1.00



1,2-Dichloropropane ND 0.50 0.24 1.00



1,3-Dichloropropane ND 1.0 0.24 1.00



Analytical Report
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   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 1.0 0.42 1.00



1,1-Dichloropropene ND 0.50 0.28 1.00



c-1,3-Dichloropropene ND 0.50 0.18 1.00



t-1,3-Dichloropropene ND 0.50 0.35 1.00



Ethylbenzene ND 0.50 0.32 1.00



2-Hexanone ND 10 2.6 1.00



Isopropylbenzene ND 0.50 0.42 1.00



p-Isopropyltoluene ND 0.50 0.14 1.00



Methylene Chloride ND 1.0 0.38 1.00



4-Methyl-2-Pentanone ND 5.0 2.7 1.00



Naphthalene ND 1.0 0.41 1.00



n-Propylbenzene ND 0.50 0.38 1.00



Styrene ND 0.50 0.32 1.00



1,1,1,2-Tetrachloroethane ND 0.50 0.24 1.00



1,1,2,2-Tetrachloroethane ND 0.50 0.22 1.00



Tetrachloroethene ND 0.50 0.22 1.00



Toluene ND 0.50 0.26 1.00



1,2,3-Trichlorobenzene ND 0.50 0.25 1.00



1,2,4-Trichlorobenzene ND 0.50 0.25 1.00



1,1,1-Trichloroethane ND 0.50 0.19 1.00



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 0.50 0.26 1.00



1,1,2-Trichloroethane ND 0.50 0.32 1.00



Trichloroethene ND 0.50 0.23 1.00



Trichlorofluoromethane ND 0.50 0.25 1.00



1,2,3-Trichloropropane ND 1.0 0.25 1.00



1,2,4-Trimethylbenzene ND 0.50 0.15 1.00



1,3,5-Trimethylbenzene ND 0.50 0.33 1.00



Vinyl Acetate ND 5.0 2.2 1.00



Vinyl Chloride ND 0.50 0.27 1.00



p/m-Xylene ND 0.50 0.24 1.00



o-Xylene ND 0.50 0.39 1.00



Methyl-t-Butyl Ether (MTBE) ND 0.50 0.29 1.00



Tert-Butyl Alcohol (TBA) ND 10 4.1 1.00



Diisopropyl Ether (DIPE) ND 0.50 0.24 1.00



Ethyl-t-Butyl Ether (ETBE) ND 0.50 0.22 1.00



Tert-Amyl-Methyl Ether (TAME) ND 0.50 0.24 1.00



Ethanol ND 50 17 1.00
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 87 68-120



Dibromofluoromethane 100 80-127



1,2-Dichloroethane-d4 107 80-128



Toluene-d8 97 80-120
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



SWL0049-20150220 Sample Aqueous IC 8 N/A 02/20/15 14:10 150220S01



SWL0049-20150220 Matrix Spike Aqueous IC 8 N/A 02/20/15 14:37 150220S01



SWL0049-20150220 Matrix Spike Duplicate Aqueous IC 8 N/A 02/20/15 14:56 150220S01



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



p-Chlorobenzenesulfonic Acid 19950 10000 30790 108 31570 116 70-130 2 0-20



Quality Control - Spike/Spike Duplicate
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   RPD: Relative Percent Difference.     CL: Control Limits



R
et



ur
n 



to
 C



on
te



nt
s



Page 13 of 23











Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



Benzene ND 10.00 10.18 102 9.470 95 75-125 7 0-20



Carbon Tetrachloride ND 10.00 10.92 109 9.918 99 69-135 10 0-20



Chlorobenzene ND 10.00 11.12 111 10.60 106 75-125 5 0-20



1,2-Dibromoethane ND 10.00 11.04 110 10.51 105 75-126 5 0-20



1,2-Dichlorobenzene ND 10.00 12.16 122 11.20 112 75-125 8 0-20



1,2-Dichloroethane ND 10.00 11.59 116 10.18 102 75-127 13 0-20



1,1-Dichloroethene ND 10.00 9.398 94 10.23 102 66-126 8 0-20



Ethylbenzene 1.079 10.00 12.18 111 11.42 103 75-125 6 0-20



Toluene ND 10.00 11.09 111 10.50 105 75-125 5 0-20



Trichloroethene ND 10.00 10.82 108 10.27 103 75-125 5 0-20



Vinyl Chloride ND 10.00 8.670 87 11.18 112 52-142 25 0-20 4



p/m-Xylene 1.003 20.00 23.81 114 22.21 106 75-125 7 0-20



o-Xylene ND 10.00 12.10 121 11.31 113 75-127 7 0-20



Methyl-t-Butyl Ether (MTBE) ND 10.00 9.704 97 10.78 108 71-131 11 0-20



Tert-Butyl Alcohol (TBA) 12.64 50.00 70.10 115 67.02 109 20-180 4 0-40



Diisopropyl Ether (DIPE) ND 10.00 8.834 88 9.361 94 64-136 6 0-20



Ethyl-t-Butyl Ether (ETBE) ND 10.00 9.406 94 9.770 98 73-133 4 0-20



Tert-Amyl-Methyl Ether (TAME) ND 10.00 10.46 105 10.04 100 75-125 4 0-20



Ethanol ND 100.0 89.94 90 91.96 92 73-139 2 0-27



Quality Control - Spike/Spike Duplicate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Spike Added MS Conc. MS  %Rec. MSD Conc. MSD %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.27 103 10.02 100 68-120



Dibromofluoromethane 10.00 9.404 94 9.323 93 80-127



1,2-Dichloroethane-d4 10.00 9.858 99 9.456 95 80-128



Toluene-d8 10.00 10.17 102 10.09 101 80-120



Spike/Spike Duplicate - Surrogate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-080-56 LCS Aqueous IC 8 N/A 02/20/15 13:09 150220L01



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL Qualifiers



p-Chlorobenzenesulfonic Acid 25.00 24.26 97 80-120



Quality Control - LCS
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Acetone 10.00 13.25 132 80-120 73-127 X



Benzene 10.00 9.254 93 80-120 73-127



Bromobenzene 10.00 11.59 116 80-120 73-127



Bromochloromethane 10.00 9.789 98 80-120 73-127



Bromodichloromethane 10.00 10.65 107 80-120 73-127



Bromoform 10.00 10.11 101 80-120 73-127



Bromomethane 10.00 12.23 122 80-120 73-127 ME



2-Butanone 10.00 10.38 104 80-120 73-127



n-Butylbenzene 10.00 10.61 106 77-123 69-131



sec-Butylbenzene 10.00 10.77 108 80-120 73-127



tert-Butylbenzene 10.00 10.87 109 80-120 73-127



Carbon Disulfide 10.00 9.296 93 80-120 73-127



Carbon Tetrachloride 10.00 11.31 113 74-134 64-144



Chlorobenzene 10.00 10.92 109 80-120 73-127



Chloroethane 10.00 8.912 89 80-120 73-127



Chloroform 10.00 10.32 103 80-120 73-127



Chloromethane 10.00 10.14 101 80-120 73-127



2-Chlorotoluene 10.00 11.93 119 80-120 73-127



4-Chlorotoluene 10.00 10.70 107 80-120 73-127



Dibromochloromethane 10.00 9.784 98 80-120 73-127



1,2-Dibromo-3-Chloropropane 10.00 10.47 105 80-120 73-127



1,2-Dibromoethane 10.00 10.54 105 79-121 72-128



Dibromomethane 10.00 10.84 108 80-120 73-127



1,2-Dichlorobenzene 10.00 11.29 113 80-120 73-127



1,3-Dichlorobenzene 10.00 11.13 111 80-120 73-127



1,4-Dichlorobenzene 10.00 10.55 106 80-120 73-127



Dichlorodifluoromethane 10.00 10.40 104 80-120 73-127



1,1-Dichloroethane 10.00 9.784 98 80-120 73-127



1,2-Dichloroethane 10.00 11.09 111 80-120 73-127



1,1-Dichloroethene 10.00 9.992 100 78-126 70-134



c-1,2-Dichloroethene 10.00 10.06 101 80-120 73-127



t-1,2-Dichloroethene 10.00 10.14 101 80-120 73-127



1,2-Dichloropropane 10.00 9.246 92 79-115 73-121



1,3-Dichloropropane 10.00 10.24 102 80-120 73-127



2,2-Dichloropropane 10.00 11.76 118 80-120 73-127



1,1-Dichloropropene 10.00 9.815 98 80-120 73-127



c-1,3-Dichloropropene 10.00 10.29 103 80-120 73-127



t-1,3-Dichloropropene 10.00 9.379 94 80-120 73-127
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Total number of LCS compounds: 71



Total number of ME compounds: 1



Total number of ME compounds allowed: 4



LCS ME CL validation result: Pass



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Ethylbenzene 10.00 10.63 106 80-120 73-127



2-Hexanone 10.00 10.79 108 80-120 73-127



Isopropylbenzene 10.00 11.48 115 80-120 73-127



p-Isopropyltoluene 10.00 10.75 107 80-120 73-127



Methylene Chloride 10.00 9.953 100 80-120 73-127



4-Methyl-2-Pentanone 10.00 9.211 92 80-120 73-127



Naphthalene 10.00 11.41 114 80-120 73-127



n-Propylbenzene 10.00 11.39 114 80-120 73-127



Styrene 10.00 11.17 112 80-120 73-127



1,1,1,2-Tetrachloroethane 10.00 11.33 113 80-120 73-127



1,1,2,2-Tetrachloroethane 10.00 9.626 96 80-120 73-127



Tetrachloroethene 10.00 10.17 102 80-120 73-127



Toluene 10.00 10.01 100 80-120 73-127



1,2,3-Trichlorobenzene 10.00 12.05 120 80-120 73-127



1,2,4-Trichlorobenzene 10.00 11.47 115 80-120 73-127



1,1,1-Trichloroethane 10.00 11.25 112 80-120 73-127



1,1,2-Trichloro-1,2,2-Trifluoroethane 10.00 10.53 105 80-120 73-127



1,1,2-Trichloroethane 10.00 10.18 102 80-120 73-127



Trichloroethene 10.00 9.945 99 79-127 71-135



Trichlorofluoromethane 10.00 11.51 115 80-120 73-127



1,2,3-Trichloropropane 10.00 9.678 97 80-120 73-127



1,2,4-Trimethylbenzene 10.00 10.44 104 80-120 73-127



1,3,5-Trimethylbenzene 10.00 11.88 119 80-120 73-127



Vinyl Acetate 10.00 9.643 96 80-120 73-127



Vinyl Chloride 10.00 9.811 98 72-132 62-142



p/m-Xylene 20.00 22.41 112 80-120 73-127



o-Xylene 10.00 11.69 117 80-120 73-127



Methyl-t-Butyl Ether (MTBE) 10.00 10.65 106 69-123 60-132



Tert-Butyl Alcohol (TBA) 50.00 52.55 105 63-123 53-133



Diisopropyl Ether (DIPE) 10.00 9.646 96 59-137 46-150



Ethyl-t-Butyl Ether (ETBE) 10.00 9.858 99 69-123 60-132



Tert-Amyl-Methyl Ether (TAME) 10.00 9.876 99 70-120 62-128



Ethanol 100.0 87.47 87 28-160 6-182
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added LCS Conc. LCS %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.53 105 68-120



Dibromofluoromethane 10.00 9.997 100 80-127



1,2-Dichloroethane-d4 10.00 10.98 110 80-128



Toluene-d8 10.00 9.769 98 80-120



LCS Only - Surrogate



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



AECOM



3995 Via Oro Ave



Long Beach, CA 90810-1869



Date Received: 02/20/15



Work Order: 15-02-1516



Preparation: EPA 5030C



Method: EPA 8260B



Project: Montrose Superfund Site / 60288979.16 Page 4 of 4



   RPD: Relative Percent Difference.     CL: Control Limits



R
et



ur
n 



to
 C



on
te



nt
s



Page 19 of 23











Method Extraction Chemist ID Instrument Analytical Location



EPA 314.0 (M) pCBSA N/A 921 IC 8 1



EPA 8260B EPA 5030C 316 GC/MS L 2



Sample Analysis Summary Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



Work Order: 15-02-1516 Page 1 of 1



   Location 1: 7440 Lincoln Way, Garden Grove, CA 92841



   Location 2: 7445 Lampson Avenue, Garden Grove, CA 92841
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Qualifiers Definition



* See applicable analysis comment.



< Less than the indicated value.



> Greater than the indicated value.



1 Surrogate compound recovery was out of control due to a required sample dilution.  Therefore, the sample data was reported without further
clarification.



2 Surrogate compound recovery was out of control due to matrix interference.  The associated method blank surrogate spike compound was
in control and, therefore, the sample data was reported without further clarification.



3 Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of control due to suspected matrix interference. The
associated LCS recovery was in control.



4 The MS/MSD RPD was out of control due to suspected matrix interference.



5 The PDS/PDSD or PES/PESD associated with this batch of samples was out of control due to suspected matrix interference.



6 Surrogate recovery below the acceptance limit.



7 Surrogate recovery above the acceptance limit.



B Analyte was present in the associated method blank.



BU Sample analyzed after holding time expired.



BV Sample received after holding time expired.



E Concentration exceeds the calibration range.



ET Sample was extracted past end of recommended max. holding time.



HD The chromatographic pattern was inconsistent with the profile of the reference fuel standard.



HDH The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but heavier hydrocarbons
were also present (or detected).



HDL The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but lighter hydrocarbons were
also present (or detected).



J Analyte was detected at a concentration below the reporting limit and above the laboratory method detection limit.  Reported value is
estimated.



JA Analyte positively identified but quantitation is an estimate.



ME LCS Recovery Percentage is within Marginal Exceedance (ME) Control Limit range (+/- 4 SD from the mean).



ND Parameter not detected at the indicated reporting limit.



Q Spike recovery and RPD control limits do not apply resulting from the parameter concentration in the sample exceeding the spike
concentration by a factor of four or greater.



SG The sample extract was subjected to Silica Gel treatment prior to analysis.



X % Recovery and/or RPD out-of-range.



Z Analyte presence was not confirmed by second column or GC/MS analysis.



Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC results are
reported on a wet weight basis.



Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15 minutes
(40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being received outside of the
stated holding time unless received at the laboratory within 15 minutes of the collection time.



A calculated total result (Example: Total Pesticides) is the summation of each component concentration and/or, if "J" flags are reported,
estimated concentration.  Component concentrations showing not detected (ND) are summed into the calculated total result as zero
concentrations.



Glossary of Terms and Qualifiers
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Yikes!  Highest pCBSA detected…21,000 ug/L
 
p-Chlorobenzenesulfonic Acid 21000 ug/L
p-Chlorobenzenesulfonic Acid 20000 ug/L (dup)
Benzene 43  ug/L
Chlorobenzene 5800 ug/L
Chlorobenzene 5600 ug/L
1,2-Dichloroethane 240  ug/L
Tetrachloroethene 130  ug/L
Trichloroethene 140
 
 
 


Date Chlorobenzene Concentration in Well 0049
Nov 2006 8 µg/L
Nov 2012 2,900 µg/L
Nov 2013 11,000 µg/L
Jan 2014 12,000 µg/L
Pilot test started at EW-3 in May
 2014


 


June 2014      13,000 µg/L
July 2014        12,000 µg/L
Aug 2014                  10,000 µg/L
Sept2014         8,700 µg/L
Oct 2014 6,200 µg/L


 
 
 
 
 


Cynthia Wetmore, Technical Support Section
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WORK ORDER NUMBER: 15-02-1516



Analytical Report For
Client: AECOM



Client Project Name: Montrose Superfund Site / 60288979.16
Attention: Katharine Carr Green



3995 Via Oro Ave
Long Beach, CA 90810-1869



Approved for release on                    by:
Vikas Patel
Project Manager



AIR SOIL WATER MARINE CHEMISTRY



Eurofins Calscience, Inc. (Calscience) certifies that the test results provided in this report meet all NELAC requirements for parameters for which accreditation is
required or available. Any exceptions to NELAC requirements are noted in the case narrative. The original report of subcontracted analyses, if any, is attached to
this report. The results in this report are limited to the sample(s) tested and any reproduction thereof must be made in its entirety. The client or recipient of this
report is specifically prohibited from making material changes to said report and, to the extent that such changes are made, Calscience is not responsible, legally or
otherwise. The client or recipient agrees to indemnify Calscience for any defense to any litigation which may arise.
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Condition Upon Receipt: 
Samples were received under Chain-of-Custody (COC) on 02/20/15. They were assigned to Work Order 15-02-1516. 
Unless otherwise noted on the Sample Receiving forms all samples were received in good condition and within the



recommended EPA temperature criteria for the methods noted on the COC. The COC and Sample Receiving Documents are



integral elements of the analytical report and are presented at the back of the report. 
Holding Times: 
All samples were analyzed within prescribed holding times (HT) and/or in accordance with the Calscience Sample Acceptance



Policy unless otherwise noted in the analytical report and/or comprehensive case narrative, if required. 
Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15



minutes (40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being



received outside of the stated holding time unless received at the laboratory within 15 minutes of the collection time. 
Quality Control: 
All quality control parameters (QC) were within established control limits except where noted in the QC summary forms or



described further within this report. 
Subcontractor Information: 
Unless otherwise noted below (or on the subcontract form), no samples were subcontracted. 
Additional Comments: 
Air - Sorbent-extracted air methods (EPA TO-4A, EPA TO-10, EPA TO-13A, EPA TO-17): Analytical results are converted from



mass/sample basis to mass/volume basis using client-supplied air volumes. 
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC



results are always reported on a wet weight basis. 



Work Order Narrative



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501



Work Order: 15-02-1516 Page 1 of 1



R
et



ur
n 



to
 C



on
te



nt
s



Page 3 of 23











Client Sample ID Method Name Type Ext Name Instrument MS/MSD/SDP LCS/LCSD



SWL0049-20150220 EPA 314.0 (M) pCBSA N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 314.0 (M) pCBSA R N/A IC 8 150220S01 150220L01



SWL0049-20150220 EPA 8260B Volatile Organics EPA 5030C GC/MS L 150220S009 150220L020



SWL0049-20150220 EPA 8260B Volatile Organics R EPA 5030C GC/MS L 150220S009 150220L020



QC Association Summary
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Subcontracted analyses, if any, are not included in this summary. 



SWL0049-20150220 (15-02-1516-1)



p-Chlorobenzenesulfonic Acid 21000 E 500 ug/L EPA 314.0 (M) pCBSA N/A



p-Chlorobenzenesulfonic Acid 20000 2000 ug/L EPA 314.0 (M) pCBSA N/A



Benzene 43 J 32* ug/L EPA 8260B EPA 5030C



Chlorobenzene 5800 E 50 ug/L EPA 8260B EPA 5030C



Chlorobenzene 5600 120 ug/L EPA 8260B EPA 5030C



1,2-Dichloroethane 240 50 ug/L EPA 8260B EPA 5030C



Tetrachloroethene 130 50 ug/L EPA 8260B EPA 5030C



Trichloroethene 140 50 ug/L EPA 8260B EPA 5030C



Detections Summary
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Client: AECOM



3995 Via Oro Ave



Long Beach, CA 90810-1869



Work Order: 15-02-1516



Project Name: Montrose Superfund Site / 60288979.16



Received: 02/20/15



Attn: Katharine Carr Green Page 1 of 1



Client SampleID



Analyte Result Qualifiers RL Units Method Extraction
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
13:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 21000 500 46 100 E



SWL0049-20150220 15-02-1516-1-E 02/20/15
12:25



Aqueous IC 8 N/A 02/20/15
14:10



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid 20000 2000 180 400



Method Blank 099-15-080-56 N/A Aqueous IC 8 N/A 02/20/15
12:49



150220L01



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



p-Chlorobenzenesulfonic Acid ND 5.0 0.46 1.00



Analytical Report
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   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
15:43



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 1000 350 100



Benzene 43 50 32 100 J



Bromobenzene ND 50 33 100



Bromochloromethane ND 100 38 100



Bromodichloromethane ND 50 20 100



Bromoform ND 50 34 100



Bromomethane ND 100 38 100



2-Butanone ND 500 290 100



n-Butylbenzene ND 50 34 100



sec-Butylbenzene ND 50 23 100



tert-Butylbenzene ND 50 38 100



Carbon Disulfide ND 100 44 100



Carbon Tetrachloride ND 50 22 100



Chlorobenzene 5800 50 14 100 E



Chloroethane ND 50 34 100



Chloroform ND 50 22 100



Chloromethane ND 50 22 100



2-Chlorotoluene ND 50 34 100



4-Chlorotoluene ND 50 33 100



Dibromochloromethane ND 50 24 100



1,2-Dibromo-3-Chloropropane ND 500 290 100



1,2-Dibromoethane ND 50 34 100



Dibromomethane ND 50 34 100



1,2-Dichlorobenzene ND 50 17 100



1,3-Dichlorobenzene ND 50 17 100



1,4-Dichlorobenzene ND 50 31 100



Dichlorodifluoromethane ND 100 24 100



1,1-Dichloroethane ND 50 19 100



1,2-Dichloroethane 240 50 18 100



1,1-Dichloroethene ND 50 20 100



c-1,2-Dichloroethene ND 50 24 100



t-1,2-Dichloroethene ND 50 26 100



1,2-Dichloropropane ND 50 24 100



1,3-Dichloropropane ND 100 24 100



Analytical Report
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   RL: Reporting Limit.     DF: Dilution Factor.     MDL: Method Detection Limit.
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 100 42 100



1,1-Dichloropropene ND 50 28 100



c-1,3-Dichloropropene ND 50 18 100



t-1,3-Dichloropropene ND 50 35 100



Ethylbenzene ND 50 32 100



2-Hexanone ND 1000 260 100



Isopropylbenzene ND 50 42 100



p-Isopropyltoluene ND 50 14 100



Methylene Chloride ND 100 38 100



4-Methyl-2-Pentanone ND 500 270 100



Naphthalene ND 100 41 100



n-Propylbenzene ND 50 38 100



Styrene ND 50 32 100



1,1,1,2-Tetrachloroethane ND 50 24 100



1,1,2,2-Tetrachloroethane ND 50 22 100



Tetrachloroethene 130 50 22 100



Toluene ND 50 26 100



1,2,3-Trichlorobenzene ND 50 25 100



1,2,4-Trichlorobenzene ND 50 25 100



1,1,1-Trichloroethane ND 50 19 100



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 50 26 100



1,1,2-Trichloroethane ND 50 32 100



Trichloroethene 140 50 23 100



Trichlorofluoromethane ND 50 25 100



1,2,3-Trichloropropane ND 100 25 100



1,2,4-Trimethylbenzene ND 50 15 100



1,3,5-Trimethylbenzene ND 50 33 100



Vinyl Acetate ND 500 220 100



Vinyl Chloride ND 50 27 100



p/m-Xylene ND 50 24 100



o-Xylene ND 50 39 100



Methyl-t-Butyl Ether (MTBE) ND 50 29 100



Tert-Butyl Alcohol (TBA) ND 1000 410 100



Diisopropyl Ether (DIPE) ND 50 24 100



Ethyl-t-Butyl Ether (ETBE) ND 50 22 100



Tert-Amyl-Methyl Ether (TAME) ND 50 24 100



Ethanol ND 5000 1700 100



Analytical Report
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 89 68-120



Dibromofluoromethane 97 80-127



1,2-Dichloroethane-d4 106 80-128



Toluene-d8 97 80-120



Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



SWL0049-20150220 15-02-1516-1-A 02/20/15
12:25



Aqueous GC/MS L 02/20/15 02/20/15
16:39



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Chlorobenzene 5600 120 36 250



Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 88 68-120



Dibromofluoromethane 98 80-127



1,2-Dichloroethane-d4 111 80-128



Toluene-d8 97 80-120



Analytical Report
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Client Sample Number Lab Sample
Number



Date/Time
Collected



Matrix Instrument Date
Prepared



Date/Time
Analyzed



QC Batch ID



Method Blank 099-15-234-93 N/A Aqueous GC/MS L 02/20/15 02/20/15
11:55



150220L020



Comment(s): - Results were evaluated to the MDL (DL), concentrations >= to the MDL (DL) but < RL (LOQ), if found, are qualified with a "J" flag.



Parameter Result RL MDL DF Qualifiers



Acetone ND 10 3.5 1.00



Benzene ND 0.50 0.32 1.00



Bromobenzene ND 0.50 0.33 1.00



Bromochloromethane ND 1.0 0.38 1.00



Bromodichloromethane ND 0.50 0.20 1.00



Bromoform ND 0.50 0.34 1.00



Bromomethane ND 1.0 0.38 1.00



2-Butanone ND 5.0 2.9 1.00



n-Butylbenzene ND 0.50 0.34 1.00



sec-Butylbenzene ND 0.50 0.23 1.00



tert-Butylbenzene ND 0.50 0.38 1.00



Carbon Disulfide ND 1.0 0.44 1.00



Carbon Tetrachloride ND 0.50 0.22 1.00



Chlorobenzene ND 0.50 0.14 1.00



Chloroethane ND 0.50 0.34 1.00



Chloroform ND 0.50 0.22 1.00



Chloromethane ND 0.50 0.22 1.00



2-Chlorotoluene ND 0.50 0.34 1.00



4-Chlorotoluene ND 0.50 0.33 1.00



Dibromochloromethane ND 0.50 0.24 1.00



1,2-Dibromo-3-Chloropropane ND 5.0 2.9 1.00



1,2-Dibromoethane ND 0.50 0.34 1.00



Dibromomethane ND 0.50 0.34 1.00



1,2-Dichlorobenzene ND 0.50 0.17 1.00



1,3-Dichlorobenzene ND 0.50 0.17 1.00



1,4-Dichlorobenzene ND 0.50 0.31 1.00



Dichlorodifluoromethane ND 1.0 0.24 1.00



1,1-Dichloroethane ND 0.50 0.19 1.00



1,2-Dichloroethane ND 0.50 0.18 1.00



1,1-Dichloroethene ND 0.50 0.20 1.00



c-1,2-Dichloroethene ND 0.50 0.24 1.00



t-1,2-Dichloroethene ND 0.50 0.26 1.00



1,2-Dichloropropane ND 0.50 0.24 1.00



1,3-Dichloropropane ND 1.0 0.24 1.00



Analytical Report
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Parameter Result RL MDL DF Qualifiers



2,2-Dichloropropane ND 1.0 0.42 1.00



1,1-Dichloropropene ND 0.50 0.28 1.00



c-1,3-Dichloropropene ND 0.50 0.18 1.00



t-1,3-Dichloropropene ND 0.50 0.35 1.00



Ethylbenzene ND 0.50 0.32 1.00



2-Hexanone ND 10 2.6 1.00



Isopropylbenzene ND 0.50 0.42 1.00



p-Isopropyltoluene ND 0.50 0.14 1.00



Methylene Chloride ND 1.0 0.38 1.00



4-Methyl-2-Pentanone ND 5.0 2.7 1.00



Naphthalene ND 1.0 0.41 1.00



n-Propylbenzene ND 0.50 0.38 1.00



Styrene ND 0.50 0.32 1.00



1,1,1,2-Tetrachloroethane ND 0.50 0.24 1.00



1,1,2,2-Tetrachloroethane ND 0.50 0.22 1.00



Tetrachloroethene ND 0.50 0.22 1.00



Toluene ND 0.50 0.26 1.00



1,2,3-Trichlorobenzene ND 0.50 0.25 1.00



1,2,4-Trichlorobenzene ND 0.50 0.25 1.00



1,1,1-Trichloroethane ND 0.50 0.19 1.00



1,1,2-Trichloro-1,2,2-Trifluoroethane ND 0.50 0.26 1.00



1,1,2-Trichloroethane ND 0.50 0.32 1.00



Trichloroethene ND 0.50 0.23 1.00



Trichlorofluoromethane ND 0.50 0.25 1.00



1,2,3-Trichloropropane ND 1.0 0.25 1.00



1,2,4-Trimethylbenzene ND 0.50 0.15 1.00



1,3,5-Trimethylbenzene ND 0.50 0.33 1.00



Vinyl Acetate ND 5.0 2.2 1.00



Vinyl Chloride ND 0.50 0.27 1.00



p/m-Xylene ND 0.50 0.24 1.00



o-Xylene ND 0.50 0.39 1.00



Methyl-t-Butyl Ether (MTBE) ND 0.50 0.29 1.00



Tert-Butyl Alcohol (TBA) ND 10 4.1 1.00



Diisopropyl Ether (DIPE) ND 0.50 0.24 1.00



Ethyl-t-Butyl Ether (ETBE) ND 0.50 0.22 1.00



Tert-Amyl-Methyl Ether (TAME) ND 0.50 0.24 1.00



Ethanol ND 50 17 1.00
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Surrogate Rec. (%) Control Limits Qualifiers



1,4-Bromofluorobenzene 87 68-120



Dibromofluoromethane 100 80-127



1,2-Dichloroethane-d4 107 80-128



Toluene-d8 97 80-120
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



SWL0049-20150220 Sample Aqueous IC 8 N/A 02/20/15 14:10 150220S01



SWL0049-20150220 Matrix Spike Aqueous IC 8 N/A 02/20/15 14:37 150220S01



SWL0049-20150220 Matrix Spike Duplicate Aqueous IC 8 N/A 02/20/15 14:56 150220S01



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



p-Chlorobenzenesulfonic Acid 19950 10000 30790 108 31570 116 70-130 2 0-20



Quality Control - Spike/Spike Duplicate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Sample
Conc.



Spike
Added



MS
Conc.



MS
%Rec.



MSD
Conc.



MSD
%Rec.



%Rec. CL RPD RPD CL Qualifiers



Benzene ND 10.00 10.18 102 9.470 95 75-125 7 0-20



Carbon Tetrachloride ND 10.00 10.92 109 9.918 99 69-135 10 0-20



Chlorobenzene ND 10.00 11.12 111 10.60 106 75-125 5 0-20



1,2-Dibromoethane ND 10.00 11.04 110 10.51 105 75-126 5 0-20



1,2-Dichlorobenzene ND 10.00 12.16 122 11.20 112 75-125 8 0-20



1,2-Dichloroethane ND 10.00 11.59 116 10.18 102 75-127 13 0-20



1,1-Dichloroethene ND 10.00 9.398 94 10.23 102 66-126 8 0-20



Ethylbenzene 1.079 10.00 12.18 111 11.42 103 75-125 6 0-20



Toluene ND 10.00 11.09 111 10.50 105 75-125 5 0-20



Trichloroethene ND 10.00 10.82 108 10.27 103 75-125 5 0-20



Vinyl Chloride ND 10.00 8.670 87 11.18 112 52-142 25 0-20 4



p/m-Xylene 1.003 20.00 23.81 114 22.21 106 75-125 7 0-20



o-Xylene ND 10.00 12.10 121 11.31 113 75-127 7 0-20



Methyl-t-Butyl Ether (MTBE) ND 10.00 9.704 97 10.78 108 71-131 11 0-20



Tert-Butyl Alcohol (TBA) 12.64 50.00 70.10 115 67.02 109 20-180 4 0-40



Diisopropyl Ether (DIPE) ND 10.00 8.834 88 9.361 94 64-136 6 0-20



Ethyl-t-Butyl Ether (ETBE) ND 10.00 9.406 94 9.770 98 73-133 4 0-20



Tert-Amyl-Methyl Ether (TAME) ND 10.00 10.46 105 10.04 100 75-125 4 0-20



Ethanol ND 100.0 89.94 90 91.96 92 73-139 2 0-27



Quality Control - Spike/Spike Duplicate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed MS/MSD Batch Number



15-02-1007-3 Sample Aqueous GC/MS L 02/20/15 02/20/15 12:24 150220S009



15-02-1007-3 Matrix Spike Aqueous GC/MS L 02/20/15 02/20/15 13:20 150220S009



15-02-1007-3 Matrix Spike Duplicate Aqueous GC/MS L 02/20/15 02/20/15 13:49 150220S009



Parameter Spike Added MS Conc. MS  %Rec. MSD Conc. MSD %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.27 103 10.02 100 68-120



Dibromofluoromethane 10.00 9.404 94 9.323 93 80-127



1,2-Dichloroethane-d4 10.00 9.858 99 9.456 95 80-128



Toluene-d8 10.00 10.17 102 10.09 101 80-120



Spike/Spike Duplicate - Surrogate
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-080-56 LCS Aqueous IC 8 N/A 02/20/15 13:09 150220L01



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL Qualifiers



p-Chlorobenzenesulfonic Acid 25.00 24.26 97 80-120



Quality Control - LCS
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Acetone 10.00 13.25 132 80-120 73-127 X



Benzene 10.00 9.254 93 80-120 73-127



Bromobenzene 10.00 11.59 116 80-120 73-127



Bromochloromethane 10.00 9.789 98 80-120 73-127



Bromodichloromethane 10.00 10.65 107 80-120 73-127



Bromoform 10.00 10.11 101 80-120 73-127



Bromomethane 10.00 12.23 122 80-120 73-127 ME



2-Butanone 10.00 10.38 104 80-120 73-127



n-Butylbenzene 10.00 10.61 106 77-123 69-131



sec-Butylbenzene 10.00 10.77 108 80-120 73-127



tert-Butylbenzene 10.00 10.87 109 80-120 73-127



Carbon Disulfide 10.00 9.296 93 80-120 73-127



Carbon Tetrachloride 10.00 11.31 113 74-134 64-144



Chlorobenzene 10.00 10.92 109 80-120 73-127



Chloroethane 10.00 8.912 89 80-120 73-127



Chloroform 10.00 10.32 103 80-120 73-127



Chloromethane 10.00 10.14 101 80-120 73-127



2-Chlorotoluene 10.00 11.93 119 80-120 73-127



4-Chlorotoluene 10.00 10.70 107 80-120 73-127



Dibromochloromethane 10.00 9.784 98 80-120 73-127



1,2-Dibromo-3-Chloropropane 10.00 10.47 105 80-120 73-127



1,2-Dibromoethane 10.00 10.54 105 79-121 72-128



Dibromomethane 10.00 10.84 108 80-120 73-127



1,2-Dichlorobenzene 10.00 11.29 113 80-120 73-127



1,3-Dichlorobenzene 10.00 11.13 111 80-120 73-127



1,4-Dichlorobenzene 10.00 10.55 106 80-120 73-127



Dichlorodifluoromethane 10.00 10.40 104 80-120 73-127



1,1-Dichloroethane 10.00 9.784 98 80-120 73-127



1,2-Dichloroethane 10.00 11.09 111 80-120 73-127



1,1-Dichloroethene 10.00 9.992 100 78-126 70-134



c-1,2-Dichloroethene 10.00 10.06 101 80-120 73-127



t-1,2-Dichloroethene 10.00 10.14 101 80-120 73-127



1,2-Dichloropropane 10.00 9.246 92 79-115 73-121



1,3-Dichloropropane 10.00 10.24 102 80-120 73-127



2,2-Dichloropropane 10.00 11.76 118 80-120 73-127



1,1-Dichloropropene 10.00 9.815 98 80-120 73-127



c-1,3-Dichloropropene 10.00 10.29 103 80-120 73-127



t-1,3-Dichloropropene 10.00 9.379 94 80-120 73-127



Quality Control - LCS
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Total number of LCS compounds: 71



Total number of ME compounds: 1



Total number of ME compounds allowed: 4



LCS ME CL validation result: Pass



Parameter Spike Added Conc. Recovered LCS %Rec. %Rec. CL ME CL Qualifiers



Ethylbenzene 10.00 10.63 106 80-120 73-127



2-Hexanone 10.00 10.79 108 80-120 73-127



Isopropylbenzene 10.00 11.48 115 80-120 73-127



p-Isopropyltoluene 10.00 10.75 107 80-120 73-127



Methylene Chloride 10.00 9.953 100 80-120 73-127



4-Methyl-2-Pentanone 10.00 9.211 92 80-120 73-127



Naphthalene 10.00 11.41 114 80-120 73-127



n-Propylbenzene 10.00 11.39 114 80-120 73-127



Styrene 10.00 11.17 112 80-120 73-127



1,1,1,2-Tetrachloroethane 10.00 11.33 113 80-120 73-127



1,1,2,2-Tetrachloroethane 10.00 9.626 96 80-120 73-127



Tetrachloroethene 10.00 10.17 102 80-120 73-127



Toluene 10.00 10.01 100 80-120 73-127



1,2,3-Trichlorobenzene 10.00 12.05 120 80-120 73-127



1,2,4-Trichlorobenzene 10.00 11.47 115 80-120 73-127



1,1,1-Trichloroethane 10.00 11.25 112 80-120 73-127



1,1,2-Trichloro-1,2,2-Trifluoroethane 10.00 10.53 105 80-120 73-127



1,1,2-Trichloroethane 10.00 10.18 102 80-120 73-127



Trichloroethene 10.00 9.945 99 79-127 71-135



Trichlorofluoromethane 10.00 11.51 115 80-120 73-127



1,2,3-Trichloropropane 10.00 9.678 97 80-120 73-127



1,2,4-Trimethylbenzene 10.00 10.44 104 80-120 73-127



1,3,5-Trimethylbenzene 10.00 11.88 119 80-120 73-127



Vinyl Acetate 10.00 9.643 96 80-120 73-127



Vinyl Chloride 10.00 9.811 98 72-132 62-142



p/m-Xylene 20.00 22.41 112 80-120 73-127



o-Xylene 10.00 11.69 117 80-120 73-127



Methyl-t-Butyl Ether (MTBE) 10.00 10.65 106 69-123 60-132



Tert-Butyl Alcohol (TBA) 50.00 52.55 105 63-123 53-133



Diisopropyl Ether (DIPE) 10.00 9.646 96 59-137 46-150



Ethyl-t-Butyl Ether (ETBE) 10.00 9.858 99 69-123 60-132



Tert-Amyl-Methyl Ether (TAME) 10.00 9.876 99 70-120 62-128



Ethanol 100.0 87.47 87 28-160 6-182



Quality Control - LCS
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Quality Control Sample ID Type Matrix Instrument Date Prepared Date Analyzed LCS Batch Number



099-15-234-93 LCS Aqueous GC/MS L 02/20/15 02/20/15 10:40 150220L020



Parameter Spike Added LCS Conc. LCS %Rec. %Rec. CL Qualifiers



1,4-Bromofluorobenzene 10.00 10.53 105 68-120



Dibromofluoromethane 10.00 9.997 100 80-127



1,2-Dichloroethane-d4 10.00 10.98 110 80-128



Toluene-d8 10.00 9.769 98 80-120



LCS Only - Surrogate
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Method Extraction Chemist ID Instrument Analytical Location



EPA 314.0 (M) pCBSA N/A 921 IC 8 1



EPA 8260B EPA 5030C 316 GC/MS L 2



Sample Analysis Summary Report



7440 Lincoln Way, Garden Grove, CA 92841-1427    •    TEL: (714) 895-5494    •    FAX: (714) 894-7501
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   Location 1: 7440 Lincoln Way, Garden Grove, CA 92841



   Location 2: 7445 Lampson Avenue, Garden Grove, CA 92841



R
et



ur
n 



to
 C



on
te



nt
s



Page 20 of 23











Qualifiers Definition



* See applicable analysis comment.



< Less than the indicated value.



> Greater than the indicated value.



1 Surrogate compound recovery was out of control due to a required sample dilution.  Therefore, the sample data was reported without further
clarification.



2 Surrogate compound recovery was out of control due to matrix interference.  The associated method blank surrogate spike compound was
in control and, therefore, the sample data was reported without further clarification.



3 Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of control due to suspected matrix interference. The
associated LCS recovery was in control.



4 The MS/MSD RPD was out of control due to suspected matrix interference.



5 The PDS/PDSD or PES/PESD associated with this batch of samples was out of control due to suspected matrix interference.



6 Surrogate recovery below the acceptance limit.



7 Surrogate recovery above the acceptance limit.



B Analyte was present in the associated method blank.



BU Sample analyzed after holding time expired.



BV Sample received after holding time expired.



E Concentration exceeds the calibration range.



ET Sample was extracted past end of recommended max. holding time.



HD The chromatographic pattern was inconsistent with the profile of the reference fuel standard.



HDH The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but heavier hydrocarbons
were also present (or detected).



HDL The sample chromatographic pattern for TPH matches the chromatographic pattern of the specified standard but lighter hydrocarbons were
also present (or detected).



J Analyte was detected at a concentration below the reporting limit and above the laboratory method detection limit.  Reported value is
estimated.



JA Analyte positively identified but quantitation is an estimate.



ME LCS Recovery Percentage is within Marginal Exceedance (ME) Control Limit range (+/- 4 SD from the mean).



ND Parameter not detected at the indicated reporting limit.



Q Spike recovery and RPD control limits do not apply resulting from the parameter concentration in the sample exceeding the spike
concentration by a factor of four or greater.



SG The sample extract was subjected to Silica Gel treatment prior to analysis.



X % Recovery and/or RPD out-of-range.



Z Analyte presence was not confirmed by second column or GC/MS analysis.



Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not corrected for % moisture. All QC results are
reported on a wet weight basis.



Any parameter identified in 40CFR Part 136.3 Table II that is designated as "analyze immediately" with a holding time of <= 15 minutes
(40CFR-136.3 Table II, footnote 4), is considered a "field" test and the reported results will be qualified as being received outside of the
stated holding time unless received at the laboratory within 15 minutes of the collection time.



A calculated total result (Example: Total Pesticides) is the summation of each component concentration and/or, if "J" flags are reported,
estimated concentration.  Component concentrations showing not detected (ND) are summed into the calculated total result as zero
concentrations.



Glossary of Terms and Qualifiers
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Sent: Friday, February 27, 2015 2:24 PM
To: Wetmore, Cynthia; yarissa martinez
Cc: Mayer, Kevin
Subject: SWL0049
 
As requested, attached are the results that Montrose obtained from sampling
 SWL0049 last Friday.
Mike
 








From: Orr, Shu-Fang@Waterboards
To: Wetmore, Cynthia
Subject: FW: pCBSA and VOC analysis
Date: Friday, February 20, 2015 3:14:25 PM
Attachments: pCBSA-Report-SN1910033.pdf


pCBSA-Report-SN1910155.pdf
pCBSA-Report-SN1910213.pdf


Good afternoon Cynthia,
 
I received the laboratory report from CDPH-DWRLB for the samples collected from 7 drinking water
 wells located near Del Amo/Montrose site.  All samples tested ND for VOCs and pCBSA (<2ppb).
 
Thanks,
 
 
Shu-Fang Orr, P.E.
District Engineer, Angeles District
Drinking Water Field Operations – Southern California
SWRCB, Division of Drinking Water
500 N. Central Avenue, Suite 500
Glendale, CA 91203
818-551-2045 (Phone); 818-551-2054 (fax)
e-mail: Shu-Fang.Orr@waterboards.ca.gov
 
 
 


From: Xu, Dadong (CDPH-DDWEM-DWRLB) 
Sent: Friday, February 20, 2015 10:18 AM
To: Orr, Shu-Fang@Waterboards; Luong, Lillian@Waterboards
Cc: Roehl, Raimund (CDPH-DDWEM-DWRLB)
Subject: RE: pCBSA and VOC analysis
 
Attached are the reports for 3 system numbers. For VOC, both duplicates were logged in but only
 one was analyzed.
 



mailto:Shu-Fang.Orr@waterboards.ca.gov

mailto:Wetmore.Cynthia@epa.gov

mailto:Shu-Fang.Orr@waterboards.ca.gov






Investigator: Lillian Luong CDPH



System No: 1910033



Site/Project Name: CALIFORNIA WATER SERVICE CO. - DOMINGUEZ



                  Analytical  Report 



Drinking Water and Radiation Laboratory Branch
850 Marina Bay Parkway, Richmond, CA 94804



15-2008Task No.



Phone: (510) 620-2911   Fax: (510) 620-2940



Samples Received by Lab: 1/29/2015



State of California - Health and Human Services Agency



California Department of Public Health



ANALYSIS ANALYSIS    
RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



Lab  No: 15-2008-01 Sample ID: #2 Time Collected:



10:10



Sampling Point: 022 Well 275-011/28/2015



Sample Type: Groundwater



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2008-02 Sample ID: #03 Time Collected:



10:10



Sampling Point: 022 Well 275-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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ANALYSIS ANALYSIS    
RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



VOCs (524)



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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ANALYSIS ANALYSIS    
RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



VOCs (524)



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-03 Sample ID: #04 Time Collected:



10:10



Sampling Point: 022 Well 275-011/28/2015



Sample Type: Groundwater



Lab  No: 15-2008-04 Sample ID: #3 Time Collected:



10:30



Sampling Point: 019 Well 279-011/28/2015



Sample Type: Groundwater
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ANALYSIS ANALYSIS    
RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2008-05 Sample ID: #05 Time Collected:



10:30



Sampling Point: 019 Well 279-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2
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Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2
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sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-06 Sample ID: #06 Time Collected:



10:30



Sampling Point: 019 Well 279-011/28/2015



Sample Type: Groundwater



Lab  No: 15-2008-07 Sample ID: #4 Time Collected:



10:50



Sampling Point: 024 Well 277-011/28/2015



Sample Type: Groundwater



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2008-08 Sample ID: #07 Time Collected:



10:50



Sampling Point: 024 Well 277-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2
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1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2
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Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2
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trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-09 Sample ID: #08 Time Collected:



10:50



Sampling Point: 024 Well 277-011/28/2015



Sample Type: Groundwater



Lab  No: 15-2008-10 Sample ID: #5 Time Collected:



11:10



Sampling Point: 004 Well 215-011/28/2015



Sample Type: Groundwater



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2008-11 Sample ID: #09 Time Collected:



11:10



Sampling Point: 004 Well 215-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2
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1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2
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Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol  < RL ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-12 Sample ID: #10 Time Collected:



11:10



Sampling Point: 004 Well 215-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2
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1,1-Dichloroethane ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene ug/L (ppb)0.5EPA 524.2



Bromobenzene ug/L (ppb)0.5EPA 524.2



Bromochloromethane ug/L (ppb)0.5EPA 524.2



Bromodichloromethane ug/L (ppb)0.5EPA 524.2



Bromoform ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene ug/L (ppb)0.5EPA 524.2



Chloroethane ug/L (ppb)0.5EPA 524.2



Chloroform ug/L (ppb)0.5EPA 524.2



Chloromethane ug/L (ppb)0.5EPA 524.2
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cis-1,2-Dichloroethene ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene ug/L (ppb)0.5EPA 524.2



Dibromochloromethane ug/L (ppb)0.5EPA 524.2



Dibromomethane ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene ug/L (ppb)0.5EPA 524.2



m, p-Xylenes ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride ug/L (ppb)0.5EPA 524.2



Naphthalene ug/L (ppb)0.5EPA 524.2



n-Butylbenzene ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene ug/L (ppb)0.5EPA 524.2



o-Xylene ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene ug/L (ppb)0.5EPA 524.2



Styrene ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene ug/L (ppb)0.5EPA 524.2



Tetrachloroethene ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes ug/L (ppb)EPA 524.2



Total THMs ug/L (ppb)EPA 524.2



Total Xylenes ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2
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Trichloroethene ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane ug/L (ppb)0.5EPA 524.2



Vinyl Chloride ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-13 Sample ID: #6 Time Collected:



11:00



Sampling Point: 018 Well 298-011/28/2015



Sample Type: Groundwater



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2008-14 Sample ID: #11 Time Collected:



11:00



Sampling Point: 018 Well 298-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2
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2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2
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n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2008-15 Sample ID: #12 Time Collected:



11:00



Sampling Point: 018 Well 298-011/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane ug/L (ppb)0.5EPA 524.2
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1,2-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene ug/L (ppb)0.5EPA 524.2



1,3-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene ug/L (ppb)0.5EPA 524.2



Bromobenzene ug/L (ppb)0.5EPA 524.2



Bromochloromethane ug/L (ppb)0.5EPA 524.2



Bromodichloromethane ug/L (ppb)0.5EPA 524.2



Bromoform ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene ug/L (ppb)0.5EPA 524.2



Chloroethane ug/L (ppb)0.5EPA 524.2



Chloroform ug/L (ppb)0.5EPA 524.2



Chloromethane ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene ug/L (ppb)0.5EPA 524.2



Dibromochloromethane ug/L (ppb)0.5EPA 524.2



Dibromomethane ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2
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Ethylbenzene ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene ug/L (ppb)0.5EPA 524.2



m, p-Xylenes ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride ug/L (ppb)0.5EPA 524.2



Naphthalene ug/L (ppb)0.5EPA 524.2



n-Butylbenzene ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene ug/L (ppb)0.5EPA 524.2



o-Xylene ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene ug/L (ppb)0.5EPA 524.2



Styrene ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene ug/L (ppb)0.5EPA 524.2



Tetrachloroethene ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes ug/L (ppb)EPA 524.2



Total THMs ug/L (ppb)EPA 524.2



Total Xylenes ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane ug/L (ppb)0.5EPA 524.2



Vinyl Chloride ug/L (ppb)0.5EPA 524.2
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Lab  No: 15-2010-01 Sample ID: #7 Time Collected:



10:23



Sampling Point: 011 - Dalton Well #12/3/2015



Sample Type: Raw Water



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2010-02 Sample ID: #13 Time Collected:



10:23



Sampling Point: 011 - Dalton Well #12/3/2015



Sample Type: Raw Water



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether  < RL ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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VOCs (524)



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2010-03 Sample ID: #14 Time Collected:



10:23



Sampling Point: 011 - Dalton Well #12/3/2015



Sample Type: Raw Water
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ANALYSIS ANALYSIS    
RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



Lab  No: 15-2007-01 Sample ID: #1 Time Collected:



09:35



Sampling Point: 009 Madrona Well #21/28/2015



Sample Type: Groundwater



para-chlorobenzene sulfonic acid < 2 ug/L (ppb)IC-MS-SIM



Lab  No: 15-2007-02 Sample ID: #01 Time Collected:



09:35



Sampling Point: 009 Madrona Well #21/28/2015



Sample Type: Groundwater



VOCs (524)



1,1,1,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,1-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2,2-Tetrachloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloro-1,2,2-trifluoroethane ug/L (ppb)0.5EPA 524.2



1,1,2-Trichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloro-2-propanone ug/L (ppb)3EPA 524.2



1,1-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



1,1-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,3-Trichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2,4-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromo-3-chloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dibromoethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloroethane  < RL ug/L (ppb)0.5EPA 524.2



1,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,3,5-Trimethylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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VOCs (524)



1,3-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1,3-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



1,4-Dichlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



1-Chlorobutane ug/L (ppb)3EPA 524.2



2,2-Dichloropropane  < RL ug/L (ppb)0.5EPA 524.2



2-Butanone ug/L (ppb)3EPA 524.2



2-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



2-Hexanone ug/L (ppb)3EPA 524.2



2-Nitropropane ug/L (ppb)3EPA 524.2



4-Chlorotoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Isopropyltoluene  < RL ug/L (ppb)0.5EPA 524.2



4-Methyl-2-pentanone ug/L (ppb)3EPA 524.2



Acetone ug/L (ppb)3EPA 524.2



Acrylonitrile ug/L (ppb)3EPA 524.2



Allyl Chloride ug/L (ppb)3EPA 524.2



Benzene  < RL ug/L (ppb)0.5EPA 524.2



Bromobenzene  < RL ug/L (ppb)0.5EPA 524.2



Bromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromodichloromethane  < RL ug/L (ppb)0.5EPA 524.2



Bromoform  < RL ug/L (ppb)0.5EPA 524.2



Bromomethane ug/L (ppb)0.5EPA 524.2



Carbon Disulfide ug/L (ppb)3EPA 524.2



Carbon Tetrachloride  < RL ug/L (ppb)0.5EPA 524.2



Chloroacetonitrile ug/L (ppb)3EPA 524.2



Chlorobenzene  < RL ug/L (ppb)0.5EPA 524.2



Chloroethane  < RL ug/L (ppb)0.5EPA 524.2



Chloroform  < RL ug/L (ppb)0.5EPA 524.2



Chloromethane  < RL ug/L (ppb)0.5EPA 524.2



cis-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



cis-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



Dibromochloromethane  < RL ug/L (ppb)0.5EPA 524.2



Dibromomethane  < RL ug/L (ppb)0.5EPA 524.2



Dichlorodifluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Diethyl Ether ug/L (ppb)3EPA 524.2



Diisopropyl Ether ug/L (ppb)0.5EPA 524.2



Ethyl Methacrylate ug/L (ppb)3EPA 524.2



Ethyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Ethylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Hexachlorobutadiene  < RL ug/L (ppb)0.5EPA 524.2



Hexachloroethane ug/L (ppb)3EPA 524.2



Isopropylbenzene  < RL ug/L (ppb)0.5EPA 524.2
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RESULT



REPORTING 
  LIMIT (RL) UNITS ANALYTE



REFERENCE 
   METHOD



VOCs (524)



m, p-Xylenes  < RL ug/L (ppb)0.5EPA 524.2



Methacrylonitrile ug/L (ppb)3EPA 524.2



Methyl Iodide ug/L (ppb)3EPA 524.2



Methyl Methacrylate ug/L (ppb)3EPA 524.2



Methyl tert-Butyl Ether ug/L (ppb)0.5EPA 524.2



Methylacrylate ug/L (ppb)3EPA 524.2



Methylene Chloride  < RL ug/L (ppb)0.5EPA 524.2



Naphthalene  < RL ug/L (ppb)0.5EPA 524.2



n-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Nitrobenzene ug/L (ppb)3EPA 524.2



n-Propylbenzene  < RL ug/L (ppb)0.5EPA 524.2



o-Xylene  < RL ug/L (ppb)0.5EPA 524.2



Pentachloroethane ug/L (ppb)3EPA 524.2



Propionitrile ug/L (ppb)3EPA 524.2



sec-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Styrene  < RL ug/L (ppb)0.5EPA 524.2



tert-Amyl Methyl Ether ug/L (ppb)0.5EPA 524.2



tert-Butanol ug/L (ppb)2EPA 524.2



tert-Butylbenzene  < RL ug/L (ppb)0.5EPA 524.2



Tetrachloroethene  < RL ug/L (ppb)0.5EPA 524.2



Tetrahydrofuran ug/L (ppb)3EPA 524.2



Toluene  < RL ug/L (ppb)0.5EPA 524.2



Total 1,3-Dichloropropenes  < RL ug/L (ppb)EPA 524.2



Total THMs  < RL ug/L (ppb)EPA 524.2



Total Xylenes  < RL ug/L (ppb)EPA 524.2



trans-1,2-Dichloroethene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,3-Dichloropropene  < RL ug/L (ppb)0.5EPA 524.2



trans-1,4-Dichloro-2-butene ug/L (ppb)3EPA 524.2



Trichloroethene  < RL ug/L (ppb)0.5EPA 524.2



Trichlorofluoromethane  < RL ug/L (ppb)0.5EPA 524.2



Vinyl Chloride  < RL ug/L (ppb)0.5EPA 524.2



Lab  No: 15-2007-03 Sample ID: #02 Time Collected:



09:35



Sampling Point: 009 Madrona Well #21/28/2015



Sample Type: Groundwater
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From: Saska, Laszlo@DTSC
To: Wetmore, Cynthia
Subject: FW: pCBSA request
Date: Thursday, February 26, 2015 7:21:12 PM
Attachments: SAAB AOP Pilot-Scale Test Summary Report.pdf


SAAB BTSR.pdf
SAAB BTSR App B Photos.pdf


Hi Cynthia,
 
A couple of months ago I sent to Daewon the same reports that you requested recently. Please see my brief email summary below to
 Daewon from that time for an overview of the attachments.
 
You also asked for groundwater pCBSA contour lines at Stringfellow. Please give me a few days to dig around and see what I can find. These
 will come from our geology unit.
 
*************************************************
Laszlo Saska, P.E.
Dept. of Toxic Substances Control
Legacy Landfills OFFICE – Stringfellow
8800 Cal Center Drive
Sacramento, CA. 95826
P: 916-255-6553   F: 916-255-6560   C: 916-317-0081
*************************************************


 


From: Saska, Laszlo@DTSC 
Sent: Friday, December 19, 2014 9:37 AM
To: ROJAS-MICKELSON, DAEWON
Cc: Pahwa, Tej@DTSC
Subject: RE: pCBSA request
 
Hello Daewon,
 
Since the early 2000s, at Stringfellow we conducted conceptual treatability studies, bench-scale treatability studies, as well as pilot-scale
 treatability studies, for many compounds, one of which was pCBSA.  We found that pCBSA can be oxidized in an aerobic fluidized bed reactor
 (FBR) to below detection limits, which for us were as low as 0.5 ppm using LC/MS/MS, although the removal efficiency varied significantly
 due to reactor equipment control issues at the pilot-scale level (1 gpm).
 
Note that pCBSA is not specifically regulated in our Stringfellow discharge. The reason we were interested in removing pCBSA is because it
 exerts a sizeable oxidative demand or BOD. We were really interested in removing NDMA and 1,4-dioxane in the ppb and ppt ranges using
 HiPOX (ozone/hydrogen peroxide-based advanced oxidation), but we first had to remove this large oxidative demand exerted primarily by
 pCBSA using a relatively inexpensive approach. Otherwise, HiPOX would have been hugely expensive in our opinion to also take on pCBSA.
 
I am attaching two reports for your information: 1) Our summary of the bench-scale testing activities (SAAB BTSR) (along with a few photos),
 and 2) the summary of the pilot-scale tests (SAAB AOP Pilot-scale Test Summary).  Note that the latter is a summary of a treatment train that
 consisted of an anaerobic fluidized bed reactor (anaerobic FBR) used for perchlorate destruction, followed by the aerobic FBR for BOD
 reduction (most of which was pCBSA), followed by advanced oxidation (AOP) or HiPOX (we tried both) for NDMA and 1,4-dioxane
 destruction. Note that none of these treatment units were scaled up to full scale, as we still are not required to remove any of these
 compounds.
 
If you need more info, please let me know. Have a god day,
 
*************************************************
Laszlo Saska, P.E.
Dept. of Toxic Substances Control
Legacy Landfills OFFICE – Stringfellow
8800 Cal Center Drive
Sacramento, CA. 95826
P: 916-255-6553   F: 916-255-6560   C: 916-317-0081
*************************************************


 


From: Pahwa, Tej@DTSC 
Sent: Thursday, December 18, 2014 2:25 PM
To: ROJAS-MICKELSON, DAEWON; Saska, Laszlo@DTSC
Subject: RE: pCBSA request
 
Daewon,
 
Laszlo was involved in the PCTF testing, which included an aerobic bioreactor p-CBSA.  I spoke with him and he is at the Site today and will
 respond to your question as soon as practical.
 
Tej
 
*******************************************************************************************************************



mailto:Laszlo.Saska@dtsc.ca.gov

mailto:Wetmore.Cynthia@epa.gov
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1.0 Introduction 



The State of California, Department of Toxic Substances Control (DTSC) is planning to replace 
the existing Stringfellow Pretreatment Plant (PTP) in Glen Avon, California, with an efficient 
and cost-effective New Pretreatment Plant (NPTP) that will consistently satisfy updated 
discharge limits.  DTSC recognizes that designing a NPTP for complex, multi-contaminant waste 
streams under evolving environmental and regulatory conditions at the Stringfellow site requires 
multiple treatment processes and a multi-step systematic program.  Accordingly, DTSC has 
commissioned and completed the site characterization, screening level studies, and bench-scale 
testing (BT) with the goal of selecting the appropriate NPTP configuration while minimizing 
environmental, safety, and economic risks.  The next step in this program was pilot-scale testing 
(PT) of the proposed NPTP treatment train.  PT was recommended when there is little or no 
direct experience with a type of influent stream for a treatment system. Due to the complexity of 
the influent stream, it was important to perform testing with the actual groundwater to expose 
any potential problems that may impact safety, effectiveness, operability, reliability, and 
maintainability of the proposed configuration.   



1.1 Summary of Key Results 
The NPTP pilot-scale testing program successfully field tested a Sequential Anoxic / Aerobic 
Bio-treatment (SAAB) process coupled first with a Fenton’s Reagent Oxidation (FRO) process, 
then by an ozone-hydrogen peroxide-based advanced oxidation process, named HiPOx.  The 
field tests were conducted between May 2006 and December 2007.  Previously, an Air Stripping 
PT was also conducted on-site between February and May 2006.  The results of the Air Stripping 
PT are reported elsewhere (Shaw 2007a). 



The objectives of the SAAB/FRO/HiPOx PT program were met:  



1. Demonstrate that unit treatment processes, which comprise the treatment train can be 
successfully scaled up 



The SAAB was demonstrated at a pilot-scale level, with successful treatment of p-
chlorobenzenesulfonic acid (p-CBSA), perchlorate, and volatile organic compound (VOCs).  
The scale-up for the Fenton Reagent Oxidation (FRO) was not as successful, as the oxidation 
of 1,4-dioxane was not consistently demonstrated.  However, the HiPOx process successfully 
demonstrated the oxidation of both 1,4-dioxane and n-nitrosodimethylamine (NDMA) at a 
pilot-scale level. 



2. Demonstrate the technical and economic viability of the unit treatment processes; 



The technical viability of the SAAB and FRO treatment processes were demonstrated during 
the PT.  Based on the PT information, the installed capital costs, and annual operation and 
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maintenance costs were estimated.  The cost per 1,000 gallons for the SAAB process ranged 
from $43.04 for treatment of 180 gallons per minute (gpm) (treated A-Stream, B-Stream, and 
C/D-Stream) to $66.37 for treatment of 90 gpm (treated A-Stream and B-Stream).  The cost 
per 1,000 gallons for the FRO process ranged from $30.91 for treatment of 180 gpm to 
$32.84 for treatment of 90 gpm.  For the HiPOx process, the cost per 1,000 gallons ranged 
from $20.23 for treatment of 180 gpm to $24.13 for treatment of 90 gpm. 



3. Obtain a better determination of key process parameters and quantify the relationships 
between these parameters and process performance and scale-up; 



The minimum hydraulic retention time (HRT) and reagent inputs to the SAAB, FRO, and 
HiPOx treatment processes were defined by the PT, along with the relationships between 
these parameters and performance.  The minimum HRTs for the anoxic portion of the SAAB 
ranges from 2 hours for treating treated A-Stream, B-Stream, and C/D-Stream to 2.5 hours 
when treating treated A-Stream, and B-Stream.  The minimum HRTs for the aerobic portion 
of the SAAB ranges from 1.3 hours for treating treated A-Stream, B-Stream, and C/D-Stream 
to 1.6 hours when treating treated A-Stream, and B-Stream.  Operating the SAAB at HRTs 
below these minimum HRTs adversely affected performance, while operating the SAAB 
above these minimum HRTs did not significantly improve performance.  Recycle rate in the 
Aerobic Fluidized Bed Reactor (FBR), which affect fluidization in the FBR, was determined 
to be a key process parameter, as performance of the Aerobic FBR degraded when recycle 
rates of less than 10 gpm were employed during the PT. 



The minimum HRT for the FRO treatment was not well defined, but appears to range from 2 
to 4 hours.  The optimal reagent additions for the FRO process were determined by the PT: 
0.002 gpm 50 percent hydrogen peroxide (H2O2) solution would be required per gpm of 
influent, 0.001 gpm concentrated hydrochloric acid per gpm of influent, and 0.0008 gpm of 
28% ferrous chloride (FeCl2) solution per gpm of influent.  For the neutralization and 
precipitation following the FRO, the PT determined that 0.001 gpm of 50% sodium 
hydroxide per gpm of influent and 25 ppm Nalclear 7768 polymer would be required.   



For the HiPOx process, an optimal ozone concentration of 250 milligrams per liter (mg/L) 
and an optimal H2O2 concentration of 125 mg/L were identified during PT.  Lower 
concentrations did not adequately destroy the 1,4-dioxane and NDMA.  During SAAB upset 
conditions, higher concentrations of ozone, up to 350 mg/L and 175 mg/L, respectively, may 
be required to account for the higher total organic carbon (TOC) and chemical oxygen 
demand (COD) levels in the SAAB effluent.   



4. Complete a detailed mass balance around each tested unit treatment process; 



A complete mass balance was developed for the SAAB, FRO, and HiPOx treatment 
processes. 



5. Develop an accurate life cycle cost estimate and increase the DTSC’s confidence in the cost 
estimate of the proposed full-scale NPTP; and 



Using the information from the PT, an accurate life cycle cost estimate for the SAAB and 
FRO treatment processes.  DTSC should be confident in the cost estimates.     
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6. Demonstrate the performance of each unit operation with regard to treatment efficiency, as 
well as the robustness and reliability of each process under real-time operational 
circumstances (i.e., changes in composition, flow, etc.) 



Over the course of the PT, the SAAB treatment process was relatively consistent (especially 
the anoxic portion), suggesting that it is able to handle the variability in the PT feed and 
demonstrating the robustness and reliability of the process.  The treatment efficiency of the 
FRO treatment process during the PT was less than expected from the BT, suggesting that the 
FRO treatment process may not be robust nor reliable.  This primarily appeared to be due to 
an insufficient HRT.  The use of an HRT on the order of 2-4 hours may improve the 
robustness and reliability of the FRO process.  The HiPOx treatment process was shown to 
be very consistent during the PT, even when the SAAB was intentionally upset, 
demonstrating the robustness and reliability of the HiPOx process.    



1.2 Site Background 
The Site is a former 17-acre Class I industrial waste disposal facility located in the upper reach 
of Pyrite Canyon, at an elevation of approximately 1,200 feet above mean sea level (msl) on the 
southern slope of the Jurupa Mountains, and approximately 1 mile north of Glen Avon in 
Riverside County, California (Figure 1-1).  The Site consists of four storage and treatment 
facilities:  



• PTP 
• Mid-Canyon Storage Tank Facility (B-Stream Storage)  
• Lower Canyon Treatment Facility (LCTF)   
• Community Wellhead Treatment System (CWTS) 



The PTP treats three waste streams (A-, B-, and F-Streams), which are contaminated 
groundwater flows that have been extracted from two distinct Site zones (Zones 1 and 2).  The 
A-Stream receives pH adjustment and is filtered to remove pesticides and heavy metals.  The 
A-Stream is then combined with B- and F-Streams.  Liquid-phase granular activated carbon 
(LGAC) absorbs VOCs from the combined waste streams.   



The PTP effluent is discharged to a waste brine line called the Santa Ana Regional Interceptor 
(SARI) under a permit issued by the Santa Ana Watershed Project Authority (SAWPA).  The 
SARI conveys discharges to Orange County Sanitation District’s (OCSD) Plant Number 2, a 
publicly owned treatment works (POTW).  The SARI flows receive advanced primary treatment 
at the POTW prior to being blended with a portion of the secondary effluent from Plant Number 
1, chlorinated and discharged to the Pacific Ocean.  The SARI flows can also be diverted to 
OCSD’s Plant Number 1.  A portion of the treated effluent from this POTW is currently 
recharged into the local aquifer as part of the Groundwater Replenishment System (GWRS) 
project. None of the SARI flows are currently permitted for recharge. 
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The Mid-Canyon Storage Tank Facility, located south of the PTP, consists of three steel storage 
tanks with a total capacity of 150,000 gallons, and serves to store extracted groundwater from 
seven wells whose production is called the B-Stream.  The tanks are within a secondary 
containment area.  Two pumps, connected in parallel, direct water from the storage tanks to the 
B-Stream force main which is connected to the influent header of the LGAC feed tanks in the 
PTP.  Each of the storage tanks is equipped with a tank VOC control system to prevent VOCs 
from being released to the atmosphere as the result of tank level fluctuations. 



The Lower Canyon Treatment Facility (LCTF) is located south of the Mid-Canyon Storage Tank 
Facility.  The LCTF treats groundwater from six extraction wells in Zone 3 (C-Stream) and two 
extraction wells in Zone 4 (D-Stream).  The LCTF relies on LGAC to remove VOCs, such as 
trichloroethylene (TCE) and chloroform, from the contaminated groundwater.  The C- and D-
Streams are commingled in the LCTF to become the C/D-Stream blend, which is then pumped 
up the canyon into the PTP effluent tanks before discharge to the SARI. 



The Community Wellhead Treatment Facility (CWTS) is located on private property at 5021 
Pedley Road, in Glen Avon.  The CWTS is a groundwater remediation system design to remove 
VOCs and perchlorate from the groundwater.  The CWTS consists of two LGAC vessels for 
VOC removal and two resin absorber vessels for perchlorate removal.   The treated water may be 
discharge to either to Pyrite Creek, or beneficially used for irrigation. 
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Figure 1-1  
Site Location Map  
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Contaminated groundwater at the Site is divided into the following four downgradient aquifer 
zones: 



• Zone 1 includes the original 17-acre Class I industrial waste disposal facility in the 
upper reach of Pyrite Canyon.  Former evaporation ponds in Zone 1 have been capped 
with a clay cover, and a subsurface clay barrier has been constructed to minimize 
downgradient migration of the most contaminated groundwater.  The boundary of 
Zone 1 is approximately 600 feet downgradient from the clay barrier.  Zone 1 is 
comprised of extraction wells that make up the groundwater flows designated as A-
Stream and F-Stream. 



• Zone 2 includes the middle reach of Pyrite Canyon and extends approximately 
1,100 feet downgradient (southwest) from the southern end of Zone 1.  Zone 2 is 
comprised of the PTP, the Mid-Canyon Storage Tank Facility, and the extraction wells 
that make up the groundwater flow designated as B-Stream. 



• Zone 3 includes the lower reach of Pyrite Canyon and extends 2,400 feet 
downgradient from Zone 2 to State Route 60.  Zone 3 is comprised of the LCTF and 
the extraction wells that make up the groundwater flow designated as C-Stream. 



• Zone 4 includes the area of Glen Avon south of State Route 60 and extends to the 
leading edge of the groundwater plume, which is currently approximately 12,000 feet 
southwest of the original site.  Zone 4 is comprised of the CWTS and the extraction 
wells that make up the groundwater flows designated as D- and E-Streams. 



1.2.1 Site History 
From 1956 to 1972, more than 34 million gallons of industrial waste (derived from various 
processes, including metal-finishing, electroplating, and pesticide-manufacturing operations) was 
disposed into onsite unlined evaporation ponds constructed of decomposed granite.   



Leachate from these evaporation ponds contaminated the groundwater beneath the Site with 
primarily VOCs; metals (cadmium, chromium, manganese, zinc, and nickel); perchlorate; and 
pesticides.  Groundwater at the Site flows to the southwest from the upper reaches of Pyrite 
Canyon to the mouth of the canyon, beneath State Route 60, and toward Glen Avon and the 
Santa Ana River. 



The waste disposals were initially allowed under permits issued by the Riverside County 
Planning Commission (RCPC) and the California Regional Water Quality Control Board 
(RWQCB).  However, the RCPC revoked its permit in 1972 after chromium was detected in a 
groundwater sample collected from a well approximately ½ mile downgradient and southwest of 
the Site.  The State of California seized the Site in 1975 because the owner failed to pay property 
taxes.  In 1982, the U.S. Environmental Protection Agency (EPA) included the Site on the 
National Priorities List (NPL) under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA).  
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1.2.2 Nature and Extent of Contamination 
VOCs, semi-volatile organic compounds (SVOCs), pesticides, heavy metals, and other 
compounds, such as 1,4-dioxane, NDMA, perchlorate, and p-CBSA, have contaminated the soils 
and groundwater at the Site.  



The VOCs include chlorinated ethenes, chlorinated benzenes, and other chlorinated and non-
chlorinated volatile compounds.  The SVOCs include chlorinated benzenes and organochlorine 
pesticides.  The metals include aluminum, cadmium, chromium, copper, manganese, nickel, 
vanadium, and zinc. 



Groundwater in Zone 1 contains the highest concentrations of VOCs, SVOCs, and metals.  It is 
the only portion of the aquifer that contains pesticides; and it has the lowest pH.  The successive 
downgradient groundwater zones of Zones 2, 3, and 4 exhibit correspondingly lower levels of 
contamination. 



Since 1982, a variety of groundwater extraction and monitoring wells have been installed 
throughout each of the zones to facilitate groundwater remediation.  The extraction wells are 
connected to five separate manifolds and produce five separate waste streams (A, B, C/D, E and 
F).  The waste streams, sources, and primary contaminants are summarized in Table 1-1. 



Table 1-1  
Groundwater Sources and Primary Contaminants 



Extraction 
Wells 



Waste Stream Zone 



10 Year 
Annual 



Average* 
Flow 
(gpm) Number % Primary Contaminants 



A 1 7 41 66.1 
VOCs, SVOCs, Pesticides, Heavy Metals, 
1,4-dioxane, NDMA, Perchlorate, and  p-
CBSA.  



B 2 20 7 11.3 VOCs, SVOCs, 1,4-dioxane, NDMA, 
Perchlorate, and  p-CBSA  



C 3 10 6 9.7 VOCs, SVOCs, Perchlorate, and p-CBSA 



Da 4 50 2 3.2 VOCs and Perchlorate 



Ea 4 20 2 3.2 VOCs and Perchlorate 



Fb 1 3 4 6.5 VOCs, SVOCs, and p-CBSA 



Total  110 62 100  
*  Approximate annual average flow rates shown are from 1995 to 2005.  Note that significant annual and seasonal flow variations are 
present in the source data. 
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There are new contaminants at the Site that have been recently detected or become compounds 
of interest in the past several years.  These new contaminants include 1,4-dioxane, NDMA, and 
perchlorate.  Government and academic entities are researching these new contaminants to 
obtain more data on their health effects and behavior in the environment.  These new 
contaminants are not currently regulated, although the OCSD has begun to focus on them.  The 
California Department of Health Services (DHS) has also established Action Levels for 1,4-
dioxane, NDMA, and perchlorate. 



Various properties of 1,4-dioxane, NDMA, perchlorate, and p-CBSA are briefly discussed in 
Section 2.5.  Although not currently regulated, p-CBSA is discussed because it is a major 
component of A-, B-, and C-Streams. 



The A-Stream is the most contaminated of the waste streams and has a pH range of 2.5 to 
3.5 units.  The B-Stream contains the same contaminants as the A-Stream, except for heavy 
metals and pesticides, but at significantly lower overall levels.  The C/D-Streams, the E-Stream 
and the F-Stream contain even lower concentrations of the contaminants.    The concentrations of 
contaminants in the waste streams are discussed in Section 3.0. 



1.2.3 Existing Pretreatment Plant Treated Discharges and Their Characteristics 
The PTP generates three waste streams: one liquid and two solid streams. 



The liquid discharge is the commingled product of the treated A-, B-, C/D-, and F- Streams.  
This effluent is discharged to the SARI and receives further treatment at an OCSD-owned 
POTW.  The liquid effluent contains up to 100 ppb of VOCs.  The total dissolved solids (TDS) is 
around 2,000 parts per million (ppm).  Heavy metals hover around detection limits, except for 
manganese, which is present at a concentration range of about 1,500 to 2,000 ppb.  1,4-dioxane 
is at a concentration range of about 10-20 ppb; NDMA is at about 0.3 ppb; perchlorate is about 4 
ppb, and p-CBSA is at about 500 ppm. 



The two solid discharge streams are dewatered filter cake from the Pesticides Removal System 
(PRS) and the Metals Precipitation System (MPS).  The PRS and MPS operate only on the 
A-Stream.  The PRS is also discussed in Section 4.2.1, and the MPS is also discussed in Section 
4.2.2. 



The filter cake is essentially dewatered calcium sulfate sludge with heavy metals and pesticides, 
such as 4,4’-DDD [1,1-dichloro-2,2-bis(p-chlorophenyl)ethane], 4,4’-DDE [1,1-dichloro-2,2-
bis(p-chlorophenyl)ethylene], and 4,4’-DDT [1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane].   
The filter cake from the PRS contains pesticide concentrations above the Resource Conservation 
and Recovery Act (RCRA) Universal Treatment Standard.  The filter cake from the MPS 
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contains heavy metals at a concentration below permit discharge limits and pesticides below the 
Universal Treatment Standard 



1.3 Regulatory Climate Governing the Pretreatment Plant’s Effluent 
The existing Stringfellow PTP effluent is discharged to the SARI waste brine line, under a permit 
issued by the SAWPA.  The SARI conveys the treated effluent from Stringfellow and other 
dischargers to the OCSD Plant Number 2, a publicly owned treatment works (POTW), where 
wastewaters, including effluent from the PTP, receive advanced primary treatment prior to being 
discharged to the ocean.  The SARI flows can also be diverted to the OCSD Plant Number 1, 
whose advanced treated effluent is currently being recharged into the local aquifer.  



There is significant uncertainty associated with the future discharge limitations that the NPTP 
(and even the existing PTP) effluent will have to meet.  The spectrum of potential discharge 
limitations may range from those that are currently in the PTP discharge permit to those that may 
make up a far-more stringent set, bordering on drinking water limitations. 



1.3.1 Current Discharge Limitations 
Since the completion of the existing PTP in 1985, the discharge limitations have been set by the 
OCSD but have been administered by the SAWPA.  The current discharge limitations are unique 
to the Stringfellow site and are summarized in Table 1-2, along with the latest proposed future 
discharge limitations.  In setting the discharge limitations for the PTP, OCSD utilized discharge 
limitations for the relevant constituents from pretreatment standards for industrial dischargers to 
POTWs. 



1.3.2 Potential Discharge Limitations 
The NPTP is scheduled to start up in 2011.  Given the uncertainty associated with the ultimate 
disposal of the treated effluent from Stringfellow at that time, it is difficult to predict the 
potential NPTP discharge limitations.   



The OCSD, in conjunction with the DTSC, however, has developed the proposed NPTP effluent 
discharge limitations upon which the success of PT will be based.  Table 1-2 summarizes the 
currently proposed effluent discharge limits that would be imposed on the NPTP, as of 
September 2005.  This table is based on limitations that the OCSD provided and has been 
utilized to provide direction for the NPTP studies and discussions.  In addition, OCSD has stated 
to the DTSC that the NPTP must provide treatment for the new pollutants 1,4-dioxane, NDMA, 
and perchlorate.  Suggested effluent discharge limits from OCSD for these new pollutants are 
also provided in Table 1-2.  These requirements will define the basis for performing the 
treatment train analyses.   
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Table 1-2  
Stringfellow Effluent Discharge Limits (Current and Proposed) 
 



Constituent Instantaneous (mg/L) Daily (mg/L) 
Monthly Average 



(mg/L) 
 Proposed Current Proposed Current Proposed Current 



Arsenic 2.00 2.00 2.00 2.00 NA NA 



CN(A) 1.00 1.00 0.86 1.00 NA NA 



CN(T) 5.00 1.20 1.20 1.20 0.65 NA 



Cadmium 1.00 0.064 0.11 0.064 0.07 NA 



Chromium 2.00 2.00 2.00 2.00 1.71 NA 



Copper 3.00 3.00 3.00 3.00 2.07 NA 



Lead 2.00 0.58 0.60 0.58 0.43 NA 



Mercury 0.03 0.03 0.002 0.030 NA NA 



Nickel 10.00 3.51 3.98 3.51 2.38 NA 



Oil & Grease Min. 100.00 100.00 100.00 100.00 NA NA 



Polychlorinated biphenyl 0.01 0.01 0.01 0.01 NA NA 



Pesticides 0.01 0.01 0.01 0.01 NA NA 



Silver 5.00 0.43 0.12 0.43 0.04 NA 



Total Toxic Organics* 0.58 0.58 0.58 0.58 NA NA 



Zinc 10.00 0.70 2.61 0.70 1.48 NA 



OCSD-Suggested Discharge Limits for New Pollutants 



1,4-Dioxane 0.002-0.005      



n-Nitrosodimethylamine 0.0001-0.0005      



Perchlorate 0.004-0.006      
*  The compounds that make up Total Toxic Organics are shown below.  The list may be modified from time to time by OCSD as needed. 
 



1,1,1-trichloroethane 2,4,6-Trichlorophenol Ethylbenzene 
1,1,2-trichloroethane 2-Methylphenol Methylene chloride 
1,1-dichloroethane 4-Methylphenol n-Nitrosodimethylamine 
1,2-dichloroethane Benzene` Tetrachloroethylene 
1,2-dichloropropane Chloroform Toluene 
1,4-Dioxane Dichlorobromomethane Trichloroethylene 



 
mg/L –  milligrams per liter 
CN(A) – amendable cyanide  
CN(T) – total cyanide 
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1.4 Pilot-ScaleTesting 
Based on the results of the BT and the discussion presented in the Conceptual Process Evaluation 
Report – Post Bench-Scale Testing (CPER-BT), (Shaw, 2006a), a preliminary treatment train 
configuration has been selected to satisfy the NPTP discharge limits (Section 1.2), to be cost 
effective, and to be protective of human health and the environment. Thus, the emphasis for the 
pilot-scale phase of the project shifted from selection of treatment components to equipment 
design and scale-up of unit treatment processes.   



In an ideal case, scale-up can be based on fundamental chemical and physical data and 
established models.  However, this was not the case for the Stringfellow NPTP, which involves 
complex and multiphase processes that can vary in physical or chemical composition with time.  
PT was a critical step in performing the successful scale-up of preliminary designs to the NPTP.  
Accordingly, a well executed PT program will aid in the technical and managerial decisions that 
must be reconciled during full-scale design.  The PT execution continued the evaluation of: 



• Safety aspects 
• Equipment performance 
• Impact of variations in influent quality and quantity 
• Ease of start-up and shutdown 
• Turn-down capability 
• Treatment stability and control  
• Ease of routine maintenance 
• Emissions 
• Residual management 



for the Air-Stripping, SAAB and FRO/HiPOx processes.   



This Pilot-Scale Summary Report (PTSR) documents the results of the PT of the SAAB and 
FRO/HiPOx processes.  The Air-Stripping PT was conducted separately in 2006 and the results 
are reported elsewhere (Shaw 2007a). 



1.5 Pilot-Scale Summary Report Organization 
The contents of each section contained in the PTSR are briefly described below:  



• Introduction – This section will describe the purpose of the report and introduce the 
reasons why each treatment process is being considered for inclusion in the NPTP.   



• Description of Tested Treatment Processes – This section provides a brief description 
of each treatment process tested and its location in the overall treatment train. 



• Description of the Quality of Influent Streams – This section presents the quality of 
the influent streams. 
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• Test Objectives and Goals – This section states the overall objectives and goals of the 
PT, as well as the objectives for each of the individual processes tested. 



• Equipment and Materials – This section describes in detail the equipment, instruments, 
and consumables that were used for the tests. 



• Test Procedure Deviations – This section describes any deviations from the planned 
test procedures as outlined in the Pilot-Scale Testing Work Plan (PTWP).   



• Test Plan Parameters and Limitations – This section describes variable conditions that 
were tested.  Parameters that were measured will be identified. 



• Analytical Methods – This section lists the specific analytical methods and quality 
control (QC) measures employed for the analysis of the samples generated during the 
testing.  



• Data Management – This section describes the parameters that were measured during 
the testing procedure, the accuracy of the results, and how the parameters were 
recorded.   



• Data Analysis and Interpretation – This section describes in detail the procedures that 
were followed to reduce raw analytical data to a form useful for interpretation and 
evaluation.  Tables and graphical interpretation of the data are presented.  Scale-up 
and evaluation parameters determined from PT are identified.  The limitations 
associated with application of the parameters used for scale-up and the accuracy of 
extrapolating the PT data to a full-scale NPTP are discussed.   



• Waste Stream Analysis – This section lists weights or volumes that a full-scale NPTP 
would produce for disposal. 



• Uncertainties Remaining – This section addresses uncertainties that may arise from the 
analysis of the PT and how these uncertainties will be managed in the next phase of 
work. 



• Scale up of the Processes – This section will address the scale-up and cost estimate for 
the NPTP, based on the results of the PT 



• Conclusions and Recommendations – Summarizes the conclusions and decisions 
implicit in the program’s strategies for achieving the objectives.  This section also 
makes recommendations for the next phase of work. 
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2.0 Description of Proposed Treatment Processes 



2.1 New Pretreatment Plant Treatment Train Description 
Treatment trains are combinations of processes assembled in series to provide treatment to meet 
certain quality objectives.  For the NPTP, the treatment train is required to satisfy the NPTP 
discharge limits (Section 1.2), to be cost effective, and to be protective of human health and the 
environment.  Based on the evaluation performed in the CPER-BT (Shaw, 2006a), the treatment 
train illustrated in Figure 2-1 was pre-selected for the full-scale NPTP.  For this block flow 
diagram, the systems and infrastructure have been omitted for purposes of clarity. 



This treatment train consists of: 



• A-Stream Storage/Equalization  
• Air Stripping  
• Pesticide Removal System  
• MPS 
• Lime System 
• Sequential Anoxic/Aerobic Biotreatment (SAAB) and Biosolids Treatment System 
• Advanced Oxidation  Process (AOP) 
• Liquid-Phase Granular Activated Carbon Adsorption (LGAC) 
• Vapor-Phase Granular Activated Carbon (VGAC) 



The proposed full-scale NPTP treatment train is described in the following subsections. 



2.1.1 A-Stream Storage / Equalization 
The A-Stream Storage / Equalization unit would store and homogenize the A-Stream to provide 
a more consistent feed into the proposed NPTP.  Similarly, the B-, C/D-, and F-Stream 
Storage/Equalization unit would store and homogenize these streams to provide a more 
consistent feed into the proposed NPTP.   



2.1.2 Air Stripping 
The air stripping unit would remove VOCs from the equilibrated A-Stream.  It would also 
provide a means of treating the off-gases from the air strippers and from the storage tanks.  This 
unit would consist of storage tanks, pumps, air strippers, blowers, air heaters, effluent tanks, and 
an antifoam chemical feed system. 
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2.1.3 Pesticide Removal System  
The Pesticide Removal System (PRS) would remove pesticides from A-Stream and concentrate 
the pesticides in a small portion of the filter cake allowing the larger volume of filter cake 
produced by the MPS to meet the universal Treatment Standards (UTS) levels for pesticides.  
This treatment system would consist of parallel flash mix tanks, flocculation tanks, clarifiers, 
filter press feed pumps, filter presses, an effluent storage tank, and transfer pumps. 



2.1.4 Metals Precipitation System 
The MPS would precipitate and clarify the metal hydroxides and dewater the thickened sludge.  
The system would consist of feed tanks with mixers, rapid mix tanks with mixers, flocculation 
tanks with mixers, Lamella clarifiers, clarified water tanks, sludge storage tanks with mixers, 
filter presses, filter press feed pumps, pumps, and filtrate tanks. 



2.1.5 Lime System 
The Lime System would provide lime slurry to the NPTP.  It would use a recirculating system 
where effluent from the MPS is used to make-up the lime slurry.  The system would consist of a 
lime silo, slurry mix tank, slurry feed tank, and slurry feed pumps 



2.1.6 Sequential Anoxic / Aerobic Biotreatment and Biosolids Treatment System 
The SAAB would primarily degrade VOCs, SVOCs, perchlorate, and p-CBSA from the 
composite of all of the Streams (A, B, C, D, and F).  It would be followed by the Biosolids 
Treatment System that would remove the biosolids from the SAAB effluent and dewater it.  
These systems would consist of the following components: 



• FBR feed tanks 
• Steam generator to provide heat to the anoxic FBR  
• FBR feed and fluidization pumps 
• Anoxic and Aerobic FBRs 
• An oxygen generating system to provide oxygen to the aerobic FBR 
• Chemical feed systems and tanks  
• Biosolids flocculation tank with mixer 
• Dissolved air flotation system 
• Sand filter 
• Biosolids thickener tank and pumps 
• Biosolids filter presses, bins, and water recovery tank and pumps 
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2.1.7 Advanced Oxidation Process  System 
The AOP System would destroy 1,4-dioxane, NDMA, and other organics from the biological 
treatment effluent.  Fenton’s Reagent (H2O2 and ferrous iron) or HiPOx (ozone and H2O2) are 
two AOPs being considered for the NPTP. 



2.1.7.1 Fenton’s Reagent System 
The Fenton’s Reagent System would consist of two reactors with mixers, a neutralization tank 
with mixer, H2O2, hydrogen chloride (HCl), FeCl2, and sodium hydroxide (NaOH) tanks and 
feed systems, neutralizing tanks with mixers, and transfer pumps. 



2.1.7.2 HiPOx System 
The HiPOx System would consist of two reactors, a ozone generator, a H2O2 tank, and transfer 
pumps. 



2.1.8 Liquid-Phase Granular Activated Carbon System 
The LGAC would polish the effluent stream of any remaining VOCs and would consist of three 
LGAC contactors with two in operation and one on standby.   



2.1.9 Vapor-Phase Granular Activated Carbon System 
The VGAC would treat the off-gases from the Air-Stripping, PRS, MPS, SAAB and Fenton’s 
Reagent Systems. The unit would consist of blowers and VGAC contactors. 
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Figure 2-1  
Proposed NPTP Treatment Train  
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3.0 Description of the Quality of the Influent Streams 



Table 3-1 presents an estimate for the influent design composition for the NPTP, as determined 
from the DTSC database, when all of the extraction wells are operating under steady-state 
conditions.  This table has been extracted from an earlier design basis document (Shaw 2003).  
The purpose of including this table in the PTSR is to provide a comparison to the actual influent 
concentrations and physical properties used in the PT.     



Table 3-1  
Design Composition for the Influent Streams 



Chemical 
Constituentsa 



 
"A" Stream 



 
"B" Stream 



 
"C" Stream



 
"D" Stream 



 
"F" Stream 



Inorganics (mg/L) 



Aluminum (Al) 1,796 0.42 0.15   



Arsenic (As) 0.12 0 0.01   



Barium (Ba) 0.11 0.07    



Beryllium (Be) 0.12 0    



Boron (B) 2.5 0.57 0.2   



Cadmium (Cd) 2 0.01 0.01  0.15 



Calcium (Ca) 380 194 171 109 TBD 



Chromium (Cr) 116 0.01 0.01  0.08 



Cobalt (Co) 2.82 0.01 0.04   



Copper (Cu) 7.2 0.02 0.02   



Iron (Fe) 444 0.06 1.59   



Lead (Pb) 0.15 0.02 0   



Magnesium (Mg) 1,212 113 78 50  



Manganese (Mn) 259 5.21 0.01   



Molybdenum (Mo) 0.1 0.01 0.11   



Nickel (Ni) 16 0.14 0.03  0.59 



Thallium (Tl) 0.22     



Vanadium (V) 2.59 0.01 0.04   



Zinc (Zn) 46 0.01 0.02  0.27 



Chloride (Cl-) 315 88 120 91  



Cyanide (CN-) 0.03 0.01    



Fluoride (F-) 129 1.17 0.55 0.49  











Table 3-1 (Continued)  
Design Composition for the Influent Streams 
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Chemical 
Constituentsa 



 
"A" Stream 



 
"B" Stream 



 
"C" Stream



 
"D" Stream 



 
"F" Stream 



Nitrate (NO3-) 70 47.04 65.5 125  



Sulfate (SO42-) 23,000 880 436 191 TBD 



Potassium (K) 49 2.54 2.77 2.62  



Sodium (Na) 707 144.58 105 85 204 



Perchlorate (ClO4-) 19.3 0.23 0.135 0.037 0.88 



Organics (µg/L) 



VOCs: 25,300 252    



1,4-Dioxane 85 6.7  0.34 38 



SVOCs: 1,050 13    



4,4'-DDD 30     



4,4'-DDE 53     



4,4'-DDT 62     



p-CBSA 2,241,000 9,050 1,920 - TBD 



N-Nitrosodimethylamine 
(NDMA) 



3.53 0.05 0.01  0.24 



Other Properties 



pH 2.9 6.5 6.7 7.2  



mg/L 



Oil & Grease 17.5     



Alkalinity, Carbonate  
(as CaCO3) 



109 126 198 250  



Total Dissolved Solids 41,200     



Total Suspended Solids 32 7.5    



Total Organic Carbon 1,685 6.6 4.5   



Chemical Oxygen Demand 5,030 65 18   



Biochemical Oxygen Demand 143 16    
a Design concentrations were derived from averages of each stream using DTSC’s integrated database (November 2001 
and February 2002). 
TBD – to be determined 











 



  Final Pilot-Scale Test Summary Report 
    Revision 2 July 2008 
 
 



3-3 



Table 3-2  
Groundwater Stream Design Flow 
 



Extraction 
Wells 



 Stream 



Design 
Flow 
(gpm) Number % 



A 35 41 73.2 



B 64 7 12.5 



C 30 6 10.7 



Da 50 2 3.6 



Total 180 56 100 
a Community wells  



 



For the first 107 days of PT, the influent was a mix of the B-, and C/D-Streams plus the treated 
A-Stream.  This represents the treatment of all waste streams from Zones 1 through 4 (Section 
1.1).  The treated A-, B-, and C/D- Streams will be added to the Mix Feed Tank (Section 5.0) at a 
ratio of 19:36:45, respectively.  This ratio corresponds to the relative contributions of these 
Streams to the total groundwater design flow from the site (Table 3-2).  Note that since the 
hydraulic and contaminant contribution of F-Stream is minimal, the F-Stream was omitted from 
the PT. 



After Day 107, the PT influent was changed to a mix of the B-Stream plus the treated A-Stream.  
This represents the treatment of groundwater from Zones 1 and 2 only, where the majority of the 
contamination is located.   The treated A- and B- Streams were added to the Mix Feed Tank at a 
ratio of 35:65, respectively; corresponding to the relative contributions of these Streams (Table 
3-2).  Note that since the hydraulic and contaminant contribution of F-Stream is minimal, the F-
Stream was omitted from the PT. 
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4.0 Test Objectives and Goals 



The objectives of the PT program were to:  



• Demonstrate that unit treatment processes, which comprise the treatment train can be 
successfully scaled up;  



• Demonstrate the technical and economic viability of the unit treatment processes; 



• Obtain a better determination of key process parameters and quantify the relationships 
between these parameters and process performance and scale-up; 



• Provide a preliminary basis of design for the full-scale NPTP, 



• Complete a detailed mass balance around each tested unit treatment process; 



• Develop an accurate life cycle cost estimate and increase DTSC’s confidence in the 
cost estimate of the proposed full-scale NPTP; and 



• Demonstrate the performance of each unit operation with regard to treatment 
efficiency, as well as the robustness and reliability of each process under real-time 
operational circumstances (i.e., changes in composition, flow, etc.) 



with regard to the Air-Stripping, SAAB, and AOP processes selected as part of the preliminary 
treatment train.   



To successfully conduct the PT and achieve the objectives noted in Section 1.0, control variables 
and data needs for each tested treatment process must be identified.  The treatment processes to 
be tested and analyzed are: 



• SAAB 
• AOP (both Fenton’s Reagent and HiPOx) 
• LGAC Adsorption 
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5.0 Equipment and Materials 



5.1 Equipment 
The pilot testing was conducted in a 30-foot by 30-foot area in the exclusion zone of the PTP.  A 
single train of SAAB, AOP and LGAC units were utilized for this part of the PT.   



The neutralized and clarified A-Stream, the untreated B-Stream, and the untreated C/D-Stream 
were blended in the Mix Feed Tank (existing T-526), which has a capacity of 6,500 gallons.  The 
6,500-gallon Mix Feed Tank provided the pilot test system with a 4-day supply of equilibrated 
influent based on operating 24-hours per day at a flow rate of 1 gpm.      



The flow from the Mix Feed Tank was pumped to an Envirex Model 30 FBR.  The FBR is 
20 inches in diameter and 15 feet high, with a design initial expanded bed volume of about 125 
gallons (controlled expanded bed volume with biofilm growth of approximately 140 gallons).  
The recycle rate for the reactor was nominally 15 gpm and the (HRT) was nominally 2.3 hours at 
an influent flow of 1 gpm. Thirty-two percent lactic acid solution, 4.6-percent phosphoric acid 
solution, and 39 grams per liter (g/L) urea solution were each added to the reactor at a rate that 
produces the desired removal of target contaminants across the FBRs while maintaining a slight 
excess of ammonia-nitrogen (NH3-N) and phosphate-phosphorous (PO4-P) in the effluent from 
the SAAB system (i.e., 5 to 10 mg/L of each nutrient). 



The aerobic FBR was an Envirogen field-pilot FBR, with a 1-foot diameter by 14-foot-high 
reactor.  This unit provided a design initial expanded bed volume of 55 gallons and a controlled 
expanded bed volume with biofilm growth of approximately 65 gallons.  The recycle rate for the 
reactor was nominally 10 gpm and the HRT was 1.65 hours at an influent flow of 0.65 gpm. 
Since it is smaller in size than the Envirex FBR, the excess flow, ranging from about 0.35 gpm to 
0.68 gpm, from the anoxic reactor was excised from the PT at the Overflow Feed Tank.  Oxygen 
was supplied to the FBR through the use of a bubbleless contactor.  



The effluent from the aerobic FBR was discharged to a cone-bottomed Solids Recovery Tank.  
Prior to Day 141, the clarified effluent was discharged to the 50-gallon polyethylene Fenton’s 
Feed Tank.  From Day 141 (November 22, 2006) to Day 212 (March 13, 2007), the clarified 
effluent was discharged through a 30 gallon LGAC contactor (containing 20 to 40 pounds of 
LGAC) and then into the Fenton’s Feed Tank.  The LGAC contactor was utilized to reduce the 
amount of TOC and DOC in the aerobic FBR effluent going into the FRO reactor in an attempt 
to reduce oxidant usage in the FRO reactor.  From Day 212 to 301, the clarified effluent was 
discharged to the 50-gallon polyethylene Fenton’s Feed Tank.   
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The flow from the Fenton’s Feed Tank was pumped into a 30-gallon polyethylene Fenton’s 
Reactor.  Concentrated hydrochloric acid (HCl), 28-percent ferric chloride (FeCl2) solution, and 
50 percent H2O2 were added to the reactor.  The rates of these reagents were adjusted as 
necessary to optimize the removal of the target contaminants.  The reactor was continuously 
stirred to promote good mixing.  The effluent from the Fenton’s Reactor was pumped to a 
Neutralization Tank, where 50-percent sodium hydroxide (NaOH) solution was added to 
maintain the pH in the tank between pH 7 and 7.5.  A 0.05-percent solution of Nalclear 7768 was 
added to coagulate the iron floc. The Neutralization Tank was continuously stirred to promote 
good mixing during the neutralization and coagulation.  The neutralized effluent flowed by 
gravity through two 30 gallon containers, to remove any suspended solids, and then pumped 
through a 55 gallon drum containing LGAC.  The effluent from the LGAC drum flowed into 
PTP Sump 501. 



From Day 439 to Day 473, the clarified effluent from the aerobic FBR was discharged to two 
polyethylene storage tanks (total capacity of approximately 700 gallons).   A 3.0 gpm flow from 
the storage tanks supplied influent feed to the HiPOx Feed Tank within the HiPOx Pilot System.  
The first HiPOx reactor was a 1-1/2” diameter by about 130 feet long schedule 80 PVC 
serpentine reactor with a volume of 12 gallons and  a gas separator with a volume of 15.4 gallons 
(total volume 27.4 gallons).  The first reactor recycle rate was 28 gpm which included the 3 gpm 
feed to the system.  The second HiPOx reactor (finishing reactor) is a ¾” diameter by 130 feet 
long schedule 80 PVC single pass serpentine reactor with a volume of 2.9 gallons and  a gas 
separator with a volume of 15.4 gallons (total volume 18.3 gallons).. The separator tanks are not 
liquid full so that the gas can be disengaged.  The gas from each separator tank passed through a 
4” clear PVC column to separate any foam before being vented. The clear PVC construction 
allowed observation of any foam carry-over. The separator tanks were vented by a mechanical 
vent valve to an O3 destruct to destroy any residual ozone in the gas stream. 



Liquid oxygen from Dewar cylinders was precisely metered to the ozone generators by a mass 
flow controller. The ozone generators were ASTeX model 8403 generators. These generators 
operate at 35 psig which allow direct injection of the O3 into the HiPOx plug flow reactors. The 
ozone concentration was controlled by the power applied to the ozone generator. The ozone 
concentration was controlled at between 8.5 and 10 weight percent ozone in oxygen. The ozone 
concentration was measured by an INUSA model H1 analyzer. The ozone was distributed to the 
HiPOx reactors with manual needle valves, allowing relatively equal distribution to the multiple 
injection points, and was controlled by a mass flow controller.  Diluted H2O2 solution was stored 
in a 5-gallon polyethylene tank and feed into the reactors using a variable speed H2O2 pump and 
a flow meter.   
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Refer to Appendix A, Figures A-1 through A-4, for the PFDs showing the details of the SAAB 
and the AOP systems, respectively.  Table 5-1 lists the tanks, vessels, drums, mixers, pumps, 
filters, and miscellaneous equipment which made up the pilot testing system.  Figures 5-1 to 5-8 
show major components of the pilot testing system.  
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Table 5-1  
SAAB/FRO Pilot Testing Equipment List 



    
EQUIPMENT LIST 



TANKS AND VESSELS ( T )      



Eq. No. Description Comments 



T-PT01 Mix Feed Tank 6,500-gallon, existing (T-526)  
T-PT02 Air Stripper Vapor Phase GAC One 55-gallon w/carbon 
T-PT-03 Aerobic VGAC Drum w/carbon 
T-PT04 Anoxic FBR Column Included w/ Anoxic Skid  
T-PT05 Aerobic FBR Column Included w/ Aerobic Skid 
T-PT06 Overflow Feed Tank Use and modify existing 55-gallon poly drum 
T-PT07 Clarifier 120-gallon conical w/stand 
T-PT08 Fenton's Feed Tank 50-gallon  
T-PT09 Fenton's Reactor 30-gallon w/mixer, stand,  



T-PT09.5 Additional Fenton’s Reactor 60-gallon 
T-PT10 Neutralization Tank 750-gallons w/stand and mixer 
T-PT14 Urea Tank w/mixer 50-gallon w/stand & mixer 
T-PT15 Liquid Phase GAC 55-gallon w/carbon 
T-PT16 Solids Recovery Tank 200-gallon 
T-PT17 Clarifier 1 30-gallon 
T-PT18 Clarifier 2 30-gallon 
T-PT19 LGAC Canister 30-gallon w/carbon 
T-PT20 SAAB Effluent Storage Tank 800 gallons 



 



DRUMS (D)      
Eq. No. Description Comments 
D-PT01 Hydrogen Peroxide Drum 55-gallon drum supplied with chemical 
D-PT02 Hydrochloric Acid Drum 55-gallon drum supplied with chemical 
D-PT03 Ferrous Chloride Drum 55-gallon drum supplied with chemical 
D-PT04 Sodium Hydroxide Drum 55-gallon drum supplied with chemical 
D-PT05 Lactic Acid  Use and modify existing 55-gallon poly drum 
D-PT06 Phosphoric Acid  Use and modify existing 55-gallon poly drum 
D-PT07 Solids Drum Use and Modify existing 55-gallon poly drum 
D-PT08 Poly Drum  Use and modify existing 55-gallon poly drum 
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Table 5-1 
SAAB/FRO Pilot Testing Equipment List (continued) 
MIXERS ( MX )     



Eq. No. Description Comments 
MX-PT01 Fenton's Reactor Mixer 1/20 HP Included w/ T-PT09  
MX-PT02 Neutralization Tank Mixer ⅓ HP, 2 -propellers   
MX-PT03 Urea Tank Mixer Included with T-PT14   



 



PUMPS ( P )      



Eq. No. Description Comments 
P-PT01 Air Stripper Feed Pump 1 HP 



P-PT02 Air Stripper Effluent Pump Included with air stripper skid 
P-PT03 Anoxic FBR Feed Pump ½ HP   
P-PT04 Anoxic FBR Fluidization Pump Included   
P-PT05 Aerobic FBR Feed Pump included   
P-PT06 Aerobic FBR Fluidization Pump Included   
P-PT07 Fenton's Reactor Feed Pump Air Diaphragm   
P-PT08 Fenton's Reactor Effluent Pump Air Diaphragm   
P-PT09 Neutralization Tank Effluent Pump Air Diaphragm   
P-PT10 Hydrogen Peroxide Feed Pump Included w/Skid   
P-PT11 Hydrochloric Acid Feed Pump Included w/Skid   
P-PT12 Lactic Acid Feed Pump Included w/Skid   
P-PT13 Urea Feed Pump Included w/Skid   
P-PT14 Phosphoric Acid Feed Pump Included w/Skid   
P-PT15 Anoxic FBR NaOH Feed Pump Included w/Skid   
P-PT16 Aerobic FBR NaOH Feed Pump LMI   
P-PT17 Fenton’s Ferrous Chloride Feed Pump LMI   
P-PT18 Fenton’s Neutralization NaOH Feed Pump LMI  
P-PT19 Polymer Feed Pump LMI  
P-PT-20 HiPOx Pilot Feed Pump LMI  



 



FILTERs (F)     



Eq. No. Description Comments 
F-PT01 Air Stripper Filter Basket Strainer w/ 1/32 basket 
F-PT02 Anoxic Filter Basket Strainer w/ 1/32 basket 
F-PT03 HiPOx Feed Filter 100 micron paper filter and housing 
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Table 5-1 
SAAB/FRO Pilot Testing Equipment List (continued) 
MISCELLANEOUS MECHANICAL EQUIPMENT (ME)     



Eq. No. Description Comments 
ME-PT14 Oxygen Cylinders Liquid O2 @ 4500 cf per 10d 
ME-PT15 Oxygenator Included w/Aerobic Skid 
ME-PT19 Anoxic FBR NaOH Feed System Single Metering Pump Dosing Package to 20 g 
ME-PT26 HCl Feed System Single Metering Pump Dosing Package to 20 gph 
ME-PT27 H2O2 Feed System Single Metering Pump Dosing Package to 20 gph 
ME-PT28 Phosphoric Acid Feed System Single Metering Pump Dosing Package to 20 gph 
ME-PT29 Lactic Acid Feed Skid Single Metering Pump Dosing Package to 20 gph 



ME-PT38 
Ferrous Chloride Chemical Feed 
System Single Metering Pump Dosing Package to 20 gph 



ME-PT39 Urea Chemical Feed System Single Metering Pump Dosing Package to 20 gph 
ME-PT40 Aerobic FBR NaOH Feed System Single Metering Pump Dosing Package to 20 gph 



ME-PT41 
Fenton’s NaOH Neutralization Feed 
System Single Metering Pump Dosing Package to 20 gph 



ME-PT42 Polymer Feed System Single Metering Pump Dosing Package to 20 gph 
ME-PT43 Mist Eliminator     



 



MISCELLANEOUS SYSTEMS 
Eq. No. Description Comments 



MS-PT01 HiPOx Pilot Test System Containerized pilot-scale system 
gph – gallons per hour 
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Figure 5-1.  Flow Meter Influent Manifold for the Treated A-Stream, B-Stream, and C/D-
Stream 



 
Figure 5-2.  Mix Feed Tank, T-PT01 
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Figure 5-3.  Pilot-Testing Anoxic FBR, T-PT04 



 
Figure 5-4.  Pilot Testing Aerobic FBR, T-PT05 
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Figure 5-5.  Conical Biosolids Clarifier, T-PT07 (in background) 



 
Figure 5-6.  FRO Feed Tank, T-PT08 
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Figure 5-7.  FRO Reactor (T-PT09) and Neutralization Tank (T-PT10) 



 
Figure 5-8.  HiPOx Pilot-Scale System Container (MS-PT01) 
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6.0 Test Procedure and Deviations 



The approach to the SAAB and AOP PT was to start-up and achieve steady state at the initial 
operating conditions (established by the BTs) and then to modify critical operating parameters to 
determine the optimal level for these parameters.  The Final PT Work Plans (Shaw, 2006b and 
Shaw, 2007c) and contained the test plan and procedures for the PT.  The sections below will 
summarize the test plan and describe in detail the significant deviations to that test plan. 



6.1 Test Plan 
6.1.1 Sequential Anoxic / Aerobic Biotreatment Acclimation  
Granular activated carbon (GAC) was transferred into the anoxic FBR to approximately 110 
gallons (80 percent of the initial fluidized bed volume) and the pH of the media was adjusted to 
neutral using 50-percent sodium hydroxide (NaOH).  Next, the anoxic FBR fluidization pump 
was turned on to fluidize the media to approximately 140 gallons (at a flow of 25 to 30 gpm).  
The influent from the Storage Tank was then be pumped at 1 gpm into the reactor.  The system 
was operating in recycle mode at this time.  The influent was allowed to pass through the anoxic 
FBR until chemical breakthrough is identified via analysis of soluble COD in the effluent.  This 
indicated that the GAC is saturated and ready for the biological treatment to begin.  It was not 
necessary to achieve complete chemical breakthrough. 



Once the GAC was loaded with the constituents of the influent mixture, the anoxic FBR was be 
inoculated with a predetermined amount of seed bacteria used to inoculate the anoxic FBR 
during the SAAB BT, as well as saved media from the SAAB BT’s anoxic FBR.  Appropriate 
amounts of lactic acid and soluble nutrients were added to the recycle flow through chemical 
metering pumps.  The reactor pH was controlled within the pH range of 6.5 to 8 by direct 
addition of 50-percent NaOH via the pH controller. 



The system was operated in a continuous recycle mode for up to 10 days to allow for biomass 
growth and attachment.  Lactic acid and nutrients was fed to the reactor during this period, to 
promote growth.  The growth period was determined based on visual observation of the media 
and the reduction of dissolved oxygen (DO), nitrate (NO3), and perchlorate within the recycled 
water.  Following the attachment period, continuous feeding of the influent mixture to the anoxic 
FBR began. 



The feed to the anoxic FBR was introduced in the recycle line on the downstream side of the 
recycle pump at a flow of 1 gpm.  This produced a HRT of 2.3 hours.  Based on experience from 
the SAAB BT, 32-percent lactic acid was added at a flow of 0.002 gpm.  This feed rate was 
adjusted to optimize target contaminant removal within the SAAB.  4.6-percent phosphoric acid 
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and 39 g/L urea solutions were added to the anoxic FBR so that there is a slight excess (i.e., 5 to 
10 mg/L) of NH3-N and PO4-P in the effluent from the SAAB (i.e., the aerobic FBR).  The 
reactor pH was automatically controlled by direct addition of 50-percent NaOH to a range of 6.5 
to 8.0 using a feedback control loop.  The concentrations of NH3-N and PO4-P in the effluent 
were monitored using Hach® test kits.  Although most of the liquid that exits the top of the 
reactor was recycled to maintain fluidization, a flow rate equal to the feed rate exited the anoxic 
FBR as treated effluent.  A portion of the treated effluent (initially at 0.65 gpm to conform to the 
anticipated full-scale system design) was fed the aerobic FBR.  Any excess (i.e., 0.35 gpm) was 
excised from the pilot test.  The Overflow Feed Tank between the anoxic and aerobic FBRs was 
used for this purpose. 



Similarly to the anoxic FBR, GAC was added to approximately 40 gallons (80 percent of the 
fluidized bed volume).  Next, the aerobic FBR fluidization pump was turned on to fluidize the 
media to approximately 50 gallons (at a flow of 8 to 12 gpm).  While the anoxic FBR was being 
saturated, the effluent from the anoxic FBR was pumped through the aerobic FBR until partial 
chemical breakthrough is identified via analysis of soluble COD in the effluent.  This partial 
chemical breakthrough indicated that the GAC is partially saturated with organics (primarily p-
CBSA) and ready to be inoculated. 



Once the GAC was loaded with the target constituents, the aerobic FBR was inoculated with a 
predetermined amount of seed bacteria used to inoculate the aerobic FBR during the SAAB BT, 
as well as some saved media from the SAAB BT’s aerobic FBR, and the oxygen addition was 
turned on.  The reactor pH was automatically controlled within the pH range of 6.5 to 8 by direct 
addition of 50-percent NaOH via the pH controller.  The system was operated in a continuous 
recycle mode for 10 days to allow for biomass growth and attachment.  The period was based on 
visual observation of the media and changes in oxygen consumption rate.  Following the 
attachment period, continuous feeding of the anoxic FBR effluent to the aerobic FBR began. 



The feed to the aerobic FBR was introduced to the system at an initial flow of 0.65 gpm.  This 
feed rate produced an HRT of 1.3 hours (based on the initial expended bed volume).  The reactor 
pH was automatically controlled by direct addition of 50-percent NaOH to a range of 6.5 to 8.0.  
The concentrations of NH3-N and PO4-P in the effluent were monitored using Hach® test kits.  
The DO concentration at the top of the FBR was monitored continuously on-line.  The operator 
adjusted the oxygen flow into the recycle line to provide a DO concentration of 1 to 2 mg/L 
(operator-adjustable) at the top of the FBR.  Although most of the liquid that exits the top of the 
reactor was recycled to maintain fluidization; a flow rate equal to the feed rate exited the aerobic 
FBR as treated effluent and was pumped to the 50 gallon Fenton’s Feed Tank. 
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The acclimation and establishment of steady state for the SAAB portion of the pilot test is 
projected to take 28 days.  Due to the low flow rate 1 gpm used to saturate the GAC in the FBRs, 
the acclimation and establishment of steady state in the SAAB took 40 days.   



6.1.2  Fenton’s Reagent System Start-Up 
As the SAAB portion of the PT treatment train was nearing steady state (Day 28), water from the 
Fenton’s Feed Tank was pumped into the 30 gallon Fenton’s Reactor at a flow of 0.65 gpm.  
Concentrated HCl, 28-percent FeCl2 solution, and 50-percent H2O2 were added to the flow from 
the Fenton’s Feed Tank in the reactor.  These initial dosages were the design basis flows, based 
on the BT results.  The reactor was continuously stirred.   



The effluent from the Fenton’s Reactor was pumped to a Final Neutralization Tank at a flow rate 
of 0.65 gpm.  In the Final Neutralization Tank, 50-percent NaOH solution was added using a pH 
controller, to raise the pH to within a range of 6 to 8.  The Final Neutralization Tank was 
continuously stirred to promote good mixing during the neutralization.  



6.1.3 Liquid-Phase Granular Activated Carbon Start-Up 
Starting Day 28.5, the neutralized effluent was pumped through a 55-gallon drum containing 
LGAC and into PTP Sump 501.  Sump 501 is pumped to the PTP thickeners.  Samples from the 
treated water entering Sump 501 were taken to determine the treatment efficacy of the PT 
treatment train. 



6.1.4  Modification of Critical Operating Parameters 
After the startup of the PT treatment train was complete, modification of the initial critical 
operating parameters (anoxic FBR HRT, carbon source and nutrient addition rate, aerobic FBR 
HRT, Fenton’s Reactor ferrous iron addition rate, and Fenton’s Reactor H2O2 addition rate) was 
initiated to determine the effect on the performance of the PT treatment train.  The sequencing of 
the modifications is given in Table 6-1. 



Samples of the influent, anoxic FBR effluent, aerobic FBR effluent, Neutralization Tank effluent 
and LGAC effluent were collected and analyzed.  During the PT, Shaw Environmental, Inc. 
(Shaw) and DTSC personnel changed this sequencing based on the results of these analyses. 
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 Table 6-1 
 Pilot Testing Plan After 28-Day Start-Up and Equalization 
 



Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
29 100 100 



30 100 75 



31 100 50 



32 75 100 



33 75 75 



34 75 50 



35 50 100 



36 50 75 



37 



Design 100/Adjust to Slight 
Excess in Effluent 100 100 



50 50 



38 100 100 



39 100 100 



40 100 100 



41 100 100 



42 100 100 



43 100 75 



44 100 50 



45 75 100 



46 75 75 



47 75 50 



48 50 100 



49 50 75 



50 



Design 110/Maintain Slight Excess 
in Effluent 100 100 



50 50 



51 100 100 



52 100 100 



53 100 100 



54 100 100 



55 100 100 



56 100 75 



57 100 50 



58 



Design 120/Maintain Slight Excess 
in Effluent 100 100 



75 100 



Not in Operation 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
59 75 75 



60 75 50 



61 50 100 



62 50 75 



63 



Design 120/Maintain Slight Excess 
in Effluent 100 100 



50 50 



64 100 100 



65 100 100 



66 100 100 



67 100 100 



68 100 100 



69 100 100 



70 100 100 



71 100 100 



72 100 100 



73 100 150 



74 100 200 



75 100 250 



76 100 300 



77 75 100 



78 75 150 



79 75 200 



80 75 250 



81 



Design 100/Maintain Slight Excess 
in Effluent 80 80 



75 300 



82 100 100 



83 100 100 



84 100 100 



85 100 100 



86 100 150 



87 100 200 



88 100 250 



89 100 300 



90 50 100 



91 



Design 90/Maintain Slight Excess 
in Effluent 80 80 



50 150 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
92 50 200 



93 50 250 



94 



Design 90/Maintain Slight Excess 
in Effluent 80 80 



50 300 



95 75 100 



96 75 100 



97 75 100 



98 75 100 



99 75 150 



100 75 200 



101 75 250 



102 75 300 



103 50 100 



104 50 150 



105 50 200 



106 50 250 



107 



Design 80/Maintain Slight Excess 
in Effluent 80 80 



50 300 



108 100 100 



109 100 100 



110 100 100 



111 100 100 



112 100 100 



113 100 100 



114 100 100 



115 100 100 



116 100 200 



117 100 300 



118 100 400 



119 100 500 



120 150 100 



121 150 100 



122 150 200 



123 150 300 



124 



AB only 100/Maintain Slight Excess 
in Effluent 



100 100 



150 400 



Not in Operation 











Table 6-1 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
125 150 500 



126 100 100 



127 100 100 



128 100 100 



129 100 100 



130 100 200 



131 100 300 



132 100 400 



133 100 500 



134 150 100 



135 150 200 



136 150 300 



137 150 400 



138 



AB Only 100/Maintain Slight Excess 
in Effluent 110 110 



150 500 



139 100 100 



140 100 100 



141 100 100 



142 100 100 



143 100 200 



144 100 300 



145 100 400 



146 100 500 



147 150 100 



148 150 200 



149 150 300 



150 150 400 



151 



AB Only 90/Maintain Slight Excess 
in Effluent 100 120 



150 500 



152 100 100 



153 100 100 



154 100 100 



155 100 50 



156 100 100 



157 



AB Only 100/Maintain Slight Excess 100 140 



100 150 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
158 100 300 



159 100 500 



160 150 500 



161 150 300 



162 150 150 



163 150 100 



164 150 50 



165 100 50 



166 100 100 



167 100 150 



168 100 300 



169 100 500 



170 100 500 



171 100 200 



172 100 200 



173 100 200 



174 100 200 



175 100 200 



176 100 200 



177 100 200 



178 100 200 



179 100 200 



180 100 200 



181 100 200 



182 100 200 



183 100 200 



184 



AB Only 100/Maintain Slight Excess 100 140 



100 200 



185 100 200 



186 100 200 



187 100 200 



188 100 200 



189 100 200 



190 



AB Only 100/Maintain Slight Excess 100 170 



100 200 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
191 100 200 



192 100 200 



193 100 200 



194 100 200 



195 100 200 



196 100 200 



197 100 200 



198 



100 170 



100 200 



199 100 200 



200 100 200 



201 100 200 



202 100 200 



203 100 200 



204 100 200 



205 100 200 



206 100 200 



207 100 200 



208 100 200 



209 100 200 



210 100 200 



211 100 200 



212 100 200 



213 100 200 



214 100 200 



215 100 200 



216 100 200 



217 100 200 



218 100 200 



219 100 200 



220 100 200 



221 100 200 



222 100 200 



223 



AB Only 100/Maintain Slight Excess 



100 200 



100 200 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
224 100 200 



225 100 200 



226 100 200 



227 100 200 



228 100 200 



229 100 200 



230 100 200 



231 100 200 



232 100 200 



233 100 200 



234 100 200 



235 100 200 



236 100 200 



237 100 200 



238 100 200 



239 100 200 



240 100 200 



241 100 200 



242 100 200 



243 100 200 



244 100 200 



245 100 200 



246 100 200 



247 100 200 



248 100 200 



249 100 200 



250 100 200 



251 100 75 



252 100 75 



253 100 75 



254 100 75 



255 100 75 



256 



AB Only 100/Maintain Slight Excess 100 200 



100 75 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
 



  Final Pilot-Scale Test Summary Report  
    Revision 2, July 2008 
 



6-11 



Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
257 100 75 



258 100 75 



259 100 75 



260 100 75 



261 100 75 



262 100 75 



263 100 75 



264 100 75 



265 100 75 



266 100 75 



267 100 75 



268 100 75 



269 100 75 



270 100 75 



271 100 75 



272 100 75 



273 



200 



100 75 



274 100 200 



275 100 200 



276 100 200 



277 100 200 



278 100 200 



279 100 200 



280 100 200 



281 100 200 



282 100 200 



283 100 200 



284 100 200 



285 100 200 



286 100 200 



287 100 200 



288 100 150 



289 



AB Only 100/Maintain Slight Excess 100 



140 



100 150 



Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
290 100 150 



291 100 150 



292 100 150 



293 100 150 



294 100 150 



295 100 150 



296 100 150 



297 100 150 



298 100 150 



300 100 150 



301 



140 



100 150 



302 



303 



304 



305 



306 



307 



308 



309 



310 



311 



312 



313 



314 



315 



316 



317 



318 



319 



320 



321 



322 



323 



AB Only 100/Maintain Slight Excess 100 



120 Not in Operation 



Not in Operation 











Table 6-1 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
324 



325 



326 



327 



328 



329 



120 



330 



331 



332 



333 



334 



335 



336 



337 



338 



339 



340 



341 



342 



343 



344 



345 



346 



347 



348 



349 



350 



351 



352 



353 



354 



355 



356 



AB Only 100/Maintain Slight Excess 100 



100 



Not in Operation Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
357 



358 



359 



360 



361 



362 



363 



364 



365 



366 



367 



368 



369 



370 



371 



372 



373 



374 



375 



376 



100 



377 



378 



379 



380 



381 



382 



383 



384 



385 



386 



387 



388 



389 



AB Only 100/Maintain Slight Excess 100 



120 



Not in Operation Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
390 



391 



392 



393 



394 



395 



396 



397 



398 



399 



400 



401 



402 



403 



404 



405 



406 



407 



408 



409 



410 



411 



412 



413 



414 



415 



416 



417 



418 



419 



420 



421 



422 



AB Only 100/Maintain Slight Excess 100 120 Not in Operation Not in Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
423 



424 



425 



426 



427 



428 



429 



430 



431 



432 



433 



434 



435 



436 



437 



438 



439 



440 



441 



442 



443 



444 



445 



446 



Not in Operation 



447 



448 



449 



450 



451 



452 



453 



454 



455 



AB Only 100/Maintain Slight Excess 100 120 Not in Operation 



In Operation 











Table 6-1 
Pilot Testing Plan After 28-Day Start-Up and Equalization (continued) 
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Anoxic SAAB Aerobic SAAB  Fenton’s HiPOx 



Carbon /Nutrients HRT HRT Fe H2O2 03 H2O2 



 



Day Influent 



Percent of Design Basis HRT or Flow 
456 



457 



458 



459 



460 



461 



462 



463 



464 



465 



466 



467 



468 



469 



470 



471 



472 



473 



474 



AB Only 100/Maintain Slight Excess 100 120 Not in Operation In Operation 



a Design value for the parameters are listed below: 
Influent  – A-/B-/CD 19:36:45, A/B 35:65 
Anoxic SAAB FBR Carbon/Nutrients – 
Anoxic SAAB HRT – 2.3 hours 
Aerobic SAAB HRT – 1.65 hours    
Fentons Fe  – 0.0008 gpm 28% FeCl2 solution per gpm influent 
Fentons H2O2 – 0.001 gpm 50% H2O2 solution/gpm influent 
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6.1.5  Brief Chronology of Pilot-Scale Test Plan 
Table 6-2 contains a brief chronology of the of the PT program, listing PT milestones. 
  
Table 6-2 
Pilot Testing Chronology 
 



Activity PT Date Calendar Date 
Started Filling Feed Tank -- 05/12/06 



Started Saturation of the SAAB Day 1 05/15/06 



Started Acclimation and Start Up of SAAB Day 5 05/31/06 



Started Flow through FRO Reactor Day 12 06/07/06 



Began filling Feed Tank with A-, B-, and C/D-Stream Mix Day 17 06/12/06 



Started Flow through Terminal LGAC Drum Day 17 6/12/06 



Started Modification of Critical Parameters Day 29 06/25/06 



Reduced HRT in Both FBRs from 100% to 80% of Design Day 64 08/17/06 



Upset of SAAB Started Day 83.1 09/06/06 



SAAB Considered Recovered Day 83.6 09/11/06 



Changed out Terminal LGAC Drum Day 90 09/17/06 



Switched to Filling Feed Tank with A- and B-Stream Only Mix Day 108 10/16/06 



Increased HRT in Both FBRs from 80% to 100% of Design Day 108 10/16/06 



Changed Out Terminal LGAC Drum Day 116 10/24/06 



Start of SAAB Upset Due to Lower HRT with A- and B-Stream Only 
Feed 



Day 125 11/01/06 



End of SAAB Upset, Raised HRT in Both FBRs from 100% to 110% of 
Design 



Day 126 11/07/06 



Reduced HRT in Anoxic FBR to 100% of Design; Increased HRT in 
Aerobic FBR to 120% of Design 



Day 139 11/20/06 



Added LGAC Canister Before FRO Feed Tank Day 141 11/22/06 



Improved Fluidization in the Aerobic FBR Day 148 11/29/06 



Increased HRT in Aerobic FBR from 120% to 140% of Design Day 152 12/3/06 



Changed Out Carbon in LGAC Canister before FRO Feed Tank Day 164 12/16/06 



Start SAAB Upset due to pH Excursion Day 165 12/17/06 



End SAAB Upset Day 168 12/20/06 



Placed SAAB in Recycle for the Holidays Day 170.1 12/23/06 



Took SAAB out of Recycle Day 170.11 01/02/07 



Changed Out Terminal LGAC Drum Day 170.12 01/03/07 











Table 6-2  
Pilot Testing Chronology (continued) 
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Activity PT Date Calendar Date 
Restart PT Day 171 01/05/07 



Changed Out Carbon in LGAC Canister before FRO Feed Tank Day 171 01/05/07 



Start of Cold Weather Day 179 01/14/07 



Changed Out Carbon in LGAC Canister before FRO Feed Tank Day 184 01/19/07 



Increased HRT in Aerobic FBR from 140% to 170% of Design Day 185 01/20/07 



Changed Out Terminal LGAC Drum Day 187 01/22/07 



End of Cold Weather Day 188 01/23/07 



Improved Fluidization in the Aerobic FBR Day 194 01/29/07 



Changed Out Terminal LGAC Drum Day 198 02/02/07 



Changed Out Carbon in LGAC Canister before FRO Feed Tank Day 199 02/03/07 



Increased HRT in Aerobic FBR from 170% to 200% of Design Day 199 02/03/07 



Changed Out Carbon in LGAC Canister before FRO Feed Tank Day 203 02/22/07 



Removed LGAC Canister before FRO Feed Tank Day 212 03/03/07 



Added Secondary FRO Reactor  Day 222 03/13/07 



Raised Low Level Switch in FRO Reactor Day 245 04/07/07 



Reduced H2O2 Addition Rate from 200% to 75% of Design Day 249 04/10/07 



Raised Low Level Switch in FRO Reactor Day 251 04/12/07 



Improved Fluidization in the Aerobic FBR Day 263 04/24/07 



Ceased LGAC Treatment Day 273 05/05/07 



Increased H2O2 Addition Rate from 75% to 200% of Design Day 273 05/05/07 



Reduced HRT in Aerobic FBR from 200% to 140% of Design  Day 273 05/05/07 



Reduced H2O2 Addition Rate from 200% to 100% of Design Day 288 05/19/07 



Ceased FRO Treatment Day 301 06/01/07 



Reduced HRT in Aerobic FBR from 140% to 120% of Design Day 301 06/01/07 



Reduced HRT in Aerobic FBR from 120% to 100% of Design Day 330 06/30/07 



Increased HRT in Aerobic FBR from 100% to 120% of Design Day 377 08/16/07 



Improved Fluidization in Aerobic FBR Day 418 09/26/07 



Mobilize HiPOx Pilot System to Site Day 439 10/17/07 



Begin HiPOx Treatment of SAAB Effluent Day 447 10/25/07 



Completed Pilot Testing Day 474 11/21/07 
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6.2 Deviations 
6.2.1 Granular Activated Carbon Saturation  
Originally, the GAC in the anoxic FBR was to be saturated in 24 hours using 10 gpm of the PT 
influent stream (a mix of treated A-, B-, and C/D- Streams, at a ratio of 19:36:45, respectively).  
Similarly, the GAC in the aerobic FBR was to be saturated in 24 hours at 6.5 gpm.  However, 
this quantity of the influent stream was not available.  Instead, the GAC in the FBRs was 
saturated over 12 days at a flow rate of 1 gpm.  Other than increasing the SAAB acclimation 
period form 28 to 40 days, this modification did not affect the PT results. 



6.2.2 Flocculation 
During the BT, the iron floc created by the neutralization of the treated influent following FRO 
settled quickly (less than 1 minute).  During the PT, the iron floc created did not coagulate as 
well upon neutralization due to a finer floc size and the non-quiescent conditions within the tank.  
To increase flocculation and settling in the Neutralization Tank, 50 to 150 ppmv of polymer (as a 
0.2% solution) was added to the Neutralization Tank.  



6.2.3 Peroxide Addition  
The initial test plan capped the H2O2 addition rate at the design value (0.001 gpm 50-percent 
H2O2 per gpm of flow into the reactor).  During the course of testing, the initial test plan sought 
to determine how much the H2O2 addition rate could be reduced without affecting the oxidation 
treatment of 1,4-dioxane and NDMA.  As the PT progressed, the FRO data indicated the 
effective oxidation treatment of 1,4-dioxane and NDMA were not occurring, even at addition 
rates equal to the H2O2 addition rate design value.  Therefore, higher H2O2 addition rates, up to 
500% of the design value, were explored as the PT progressed.  



6.2.4 Hydraulic Retention Time 
The initial test plan started the HRT in the FBRs at their design parameters (2.5 hours in the 
anoxic FBR and 1.3 hours in the aerobic FBR) and then lowered the HRTs during subsequent 
test sections.  However when the PT influent stream was changed to a mix of treated A- and B-
Stream on October 16, 2006 (Day 108), the 1.3 hour HRT in the aerobic FBR was not sufficient 
to treat p-CBSA.  HRTs exceeding the design value for the aerobic HRT had to be tested when 
the PT influent stream was a mix of treated A- and B-Stream.  Refer to Days 126-330 and Days 
378-484 in Table 6-1. 



6.2.5 Liquid-Phase Granular Activated Carbon Treatment of Sequential Anoxic / Aerobic 
Biotreatment Effluent  



The lack of oxidation treatment of 1,4-dioxane and NDMA appeared to be linked to the presence 
of elevated COD and TOC in the SAAB effluent, which were roughly 33% higher than 
anticipated and may have resulted in increased reaction of the oxidant with these non-target 
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compounds.  In an attempt to reduce the TOC and COD, a 30-gallon polyethylene vessel with 
outlet ports at heights corresponding to 5-, 10-, 15-, and 20-gallons was filled with 20 pounds of 
GAC.  The SAAB effluent flowed to a distribution pipe in the bottom of the vessel and 
percolated through the GAC.  The nearest outlet port above the carbon was opened to allow the 
SAAB effluent to flow out and into the Fenton’s Feed Tank.  Sample Port SP3.5 was installed on 
this outflow line.  This LGAC treatment of the SAAB effluent was on-line from November 22, 
2006 (Day 141) through March 3, 2007 (Day 212). 



6.2.6 Sequential Anoxic / Aerobic Biotreatment Upsets  
On September 5, 2006 (Day 83), the SAAB experienced an upset.  The upset involved the 
sloughing of biomass from the anoxic reactor.  This caused turbidity in the aerobic FBR and the 
clarifier, which carried through into the FRO Reaction Tank and the Neutralization Tank, which 
was noticed the next day (designated as Day 83.1 as the PT was suspended awaiting analytical 
results before moving on to the condition changes scheduled for Day 84).  The likely cause of the 
upset was build-up of biomass in the anoxic FBR.  This build-up could have been due to either 
excess lactic acid feed in the anoxic FBR or may have been linked to cleaning activities in the 
C/D-Stream well field.      



On December 12, 2006 (Day 165), the SAAB system was automatically shut down due to high 
pH in the aerobic FBR.  The likely cause of the elevated pH was over-addition of caustic to the 
aerobic FBR.  The pH probes were cleaned and the biotreatment caustic addition pump (P-
PTP15) was inspected and undergone routine maintenance.  Over the next 3 days, the biomass in 
the aerobic FBR recovered from the pH excursion. 



From January 14, 2007 (Day 179) through January 23, 2007 (Day 188), a period of cold weather 
occurred with daily average temperatures near freezing.  Bioactivity typically decreases with 
decreasing temperature.   The cold weather affected the performance of the SAAB especially 
with respect to p-CBSA removal.  When more typical January temperatures (around 40ºF) 
returned, the SAAB performance improved. 



6.2.7 Lactic Acid and Nutrient Addition to the Sequential Anoxic / Aerobic Biotreatment 
One of the outcomes of the Day 83 SAAB upset was that the lactic acid addition to the anoxic 
FBR was reduced to correspond more closely with what was needed to reduce the NO3 level in 
the influent feed and thus minimize excess lactic acid carried to the aerobic FBR.  To that point, 
the lactic acid feed was varied based on the HRT of the anoxic FBR.  Lactic acid addition in 
excess of what is needed for the NO3 and perchlorate degradation could cause the stimulation of 
sulfate reducing bacteria (and the production of hydrogen sulfide) in the anoxic FBR or increased 
biomass formation (from the degradation of lactic acid) in the aerobic FBR.  For the remainder 
of the PT, the lactic acid addition rate to the anoxic FBR was adjusted based on the influent feed 
NO3 levels for the proceeding 3-5 days.  Changing the lactic acid addition rate from a constant 
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rate based on influent feed to an addition rate based on the influent feed NO3 levels reduced the 
lactic acid addition by approximately 15-20%.  



6.2.8 Fluidized Bed Reactor Recycle  
Because of the holidays, the FBRs were put in recycle from December 23, 2006 through 
January 1, 2007.  During that time, potassium NO3, lactic acid, and phosphoric acid were added 
roughly every other day to the anoxic FBR.  The NO3 maintained the NO3-reducing 
microorganisms, which also reduce the perchlorate, while the lactic acid maintained the 
facultative aerobic microorganisms, which remove oxygen and produce anoxic conditions in the 
reactor.  Lactic acid, urea, and phosphoric acid were added roughly every other day to the 
aerobic FBR to maintain the microorganisms in that reactor.  Beginning January 2, 2007, influent 
feed flow was restarted through the SAAB.  The SAAB system was allowed 4 days to re-
acclimate before continuing the PT. 



On February 2, 2007 (Day 198) or February 3, 2007 (Day 199), the PTP system went into upset 
and no treated A-Stream was available for the PT.  From February 5, 2007 through February 15, 
2007, the FBRs of the SAAB were put in recycle.  Potassium NO3, lactic acid, and phosphoric 
acid were added roughly every other day to the anoxic FBR, while lactic acid, urea, and 
phosphoric acid were added roughly every other day to the aerobic FBR.  Treated A-Stream was 
again available starting on February 16, 2007 and influent feed flow was restarted through the 
SAAB.  The SAAB system was allowed 5 days to re-acclimate before continuing the PT. 



On September 19, 2007 (Day 411), the bed height dropped suddenly in the aerobic FBR.  On 
September 26, 2007 (Day 418), the carbon was removed from the FBR, the distribution header 
lines were cleared, and the carbon media replaced in the FBR.  One or more of the distribution 
header lines may have been plugged, which may account for the bed height drop.  Once growth 
on the carbon was re-established, the performance of the FBR improved. 



6.2.9 Fluidized Bed Reactor Fluidization  
The recycle flow through the FBR is critical to maintain fluidization of the carbon and the 
microbes associated with it.  Around October 20, 2006 (Day 112), the recycle rate in the aerobic 
FBR began to decay to below 10 gpm, impacting fluidization and reactor performance.  On 
November 29, 2006 (Day 128) and January 29, 2007 (Day 194), the aerobic recycle pump was 
taken off-line and refurbished, temporarily increasing fluidization with the aerobic FBR.  Around 
April 20, 2007 (Day 260), precipitation of sodium hydroxide near its injection port on the recycle 
loop was discovered.  This appeared to be the cause of the reduced recycle flow.  A combination 
of pump replacement and increased maintenance of the recycle line restored the recycle flow and 
improved reactor performance.  The September 26, 2007 (Day 418) cleaning of the clogged 
distribution header in the FBR revealed that the header may have been the cause of the reduced 
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flow in the recycle lines.  Once growth on the carbon was re-established, the performance of the 
FBR improved.  
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7.0 Test Plan Parameters and Limitations 



The following sections discuss the variables that were tested during the PT and how the collected 
data will be used to refine the conceptual design, develop preliminary engineering, and provide a 
more accurate economic analysis of the NPTP. 



7.1 Sequential Anoxic / Aerobic Biotreatment 
7.1.1 Control Variables 
The key control variables for the SAAB FBRs are the HRT, carbon source and nutrient dosage, 
recycle rate, and oxygen dissolution rate requirement per single pass (for the aerobic FBR only).  
A change in fluidized bed height of the FBRs can affect the flow rate for fluidization, the HRT 
based on the influent to the FBR (as opposed to the feed), and the recycle rate.   



7.1.2 Data Needs 
The data needs from the SAAB portion of the PT are as follows: 



• Determine the minimum HRT required for the anoxic reactor and the maximum 
organic loading rate of the aerobic reactor while still producing acceptable effluent 
from the FBRs; 



• Determine the nutrient requirement for both the anoxic and aerobic reactors while still 
producing acceptable effluent from these reactors; 



• Determine the quantity of biomass produced (i.e. the net yield for both anoxic and 
aerobic FBRs); 



• Characterize the natural variability of contaminants in the influent to this system in the 
treatment train and verify the ability of SAAB to produce suitable effluent regardless 
of this variability; 



• Determine if by-products that will adversely affect downstream treatment systems and 
the NPTP effluent are produced; 



• Determine the amount of contaminant loading in the off-gas from the FBRs to the 
VGAC; and 



• Obtain sufficient data to update the PFD, material balance, design basis, and cost 
estimate for full-scale SAAB. 
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7.2 Advanced Oxidation Process 
7.2.1 Control Variables 
The key control variables for the design of the system are the residence time and the chemical 
dosages to optimize treatment performance and to neutralize the effluent. 



7.2.2 Fenton Retention Oxidation Data Needs 
The data needs from the Fenton’s Reagent portion of the PT are as follows: 



• Determine the minimum residence time required for the oxidation while still 
producing acceptable effluent from the system; 



• Determine the minimum quantity of H2O2 required for oxidation while still producing 
acceptable effluent from the system, and determine the affect of H2O2 addition rates 
on the residual H2O2 in the system effluent; 



• Determine the minimum quantity of FeCl2 solution required for oxidation while still 
producing acceptable effluent from the system;  



• Determine the degree of foaming that may occur during the oxidation of the SAAB 
effluent and its effect on the oxidation operation; 



• Determine the amount of contaminant loading in the off-gas from the reactor to the 
VGAC; 



• Characterize the variability of contaminants in the SAAB effluent and verify the 
ability of Fenton’s Reagent oxidation to produce suitable effluent regardless of this 
variability; and 



• Obtain sufficient data to update the PFD, material balance, design basis, and cost 
estimate for full-scale Fenton’s Reagent system. 



7.2.3 HiPOx Data Needs 
The data needs from the HiPOx portion of the PT are as follows: 



• Determine the minimum residence time required for the oxidation while still 
producing acceptable effluent from the system; 



• Determine the minimum quantity of O3 and H2O2 required for oxidation while still 
producing acceptable effluent from the system, and determine the affect of O3 and 
H2O2 addition rates on the residual O3 and H2O2 in the system effluent; 



• Determine the degree of foaming that may occur during the oxidation of the SAAB 
effluent and its effect on the oxidation operation; 



• Determine the amount of contaminant loading in the off-gas from the reactor to the 
VGAC; 
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• Characterize the variability of contaminants in the SAAB effluent and verify the 
ability of HiPOx to produce suitable effluent regardless of this variability; and 



• Obtain sufficient data to update the PFD, material balance, design basis, and cost 
estimate for full-scale HiPOx system. 



7.3 Liquid-Phase Granular Activated Carbon Adsorption 
7.3.1 Control Variables 
The key control variables for LGAC are the type and mass of the LGAC and the hydraulic 
characteristics of the LGAC vessels so that both the chemical and hydraulic loadings of the 
influent can be properly handled.   



7.3.2 Data Needs 
The data needs from the LGAC portion of the PT are as follows: 



• Determine the level of contaminant removal from the Fenton’s Reagent oxidation 
effluent; 



• Characterize the variability of contaminants in the Fenton’s Reagent oxidation effluent 
and verify the ability of liquid phase carbon adsorption to produce suitable effluent 
regardless of this variability; and 



• Obtain sufficient data to update the PFD, material balance, design basis, and cost 
estimate for full-scale LGAC adsorption. 
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8.0 Analytical Methods 



Table 8-1 lists the analytical methods for analyzing the concentrations of contaminants during 
the SAAB/FRO Pilot Test.  E.S. Babcock and Sons Laboratory performed all of the analysis at 
reduced laboratory QC levels.   



Table 8-1  
Analytical Methods 



Analysis Method Specified in  
Work Plan 



Method Used by 
Laboratory 



VAPOR 



VOCs w/ TICs TO-15 TO-15 



Methane, ethane,  ASTM D1945 ASTM D1945 



LIQUID 



BOD -- SM5210B 



COD SM 5220D SM 5220D 



p-CBSA EPA 300.0 EPA 300.0, EPA 314.0, IC/MS/MS 



Perchlorate EPA 314.0 EPA 314.0, IC/MS/MS 



pH EPA 9040 B EPA 9040 B 



TOC SM 5310B SM 5310B 



DOC -- SM 5310B 



TSS -- EPA 160.1 



Total Sulfur -- ASTM E1915 



Volatile Solids -- EPA 160.4 



SVOCs EPA 8270C (EPA 8270C SIM 
for NDMA and 1,4-dioxane) 



EPA 8270C (EPA 8270C SIM for 
NDMA and 1,4-dioxane) 



VOCs w/ TICs EPA 8260B EPA 8260B 
BOD – biochemical oxygen demand 
COD – chemical oxygen demand 
EPA – U.S. Environmental Protection Agency 
p-CBSA – p-chlorobenzenesulfonic acid 
SIM – selected ion monitoring 
SM – standard methods 
SVOCs – semi-volatile organic compounds 
TICs – tentatively identified compounds 
TOC –total organic carbon 
TSS – total suspended solids 
VOCs – volatile organic compounds 
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As noted in Table 8-1, multiple methods were utilized for both perchlorate and p-CBSA.  
Originally, the Pilot-Scale Testing Work Plan (PTWP) (Shaw, 2006b) and the Pilot-Scale 
Testing Sampling and Analysis Plan (PTSAP) (Shaw, 2005a) specified ion chromatography (IC) 
methods for these compounds (EPA Methods 314.0 and 300.0, respectively).  However due to 
other interferences in the method, Method 314.0 was not able to consistently get low detection 
limits for perchlorate.  This occurred primarily for samples from the PT influent feed (SP-1), the 
anoxic FBR effluent (SP-2), or aerobic FBR effluent (SP-3), but was also a problem for samples 
from the LGAC effluent (SP-5), which represented the end product of the PT treatment. 



For p-CBSA analysis by EPA Method 300.0, the retention time of the pCBSA was not consistent 
and was hard to differentiate from interferent peaks, leading to variable and erratic results.  The 
use of a matrix spike for each sample alleviated some of the uncertainty in peak identification but 
was cumbersome.  The use of EPA Method 314.0 for p-CBSA alleviated, but did not eliminate, 
the interferent peak problems and was able to produce a lower reporting limit and slightly less 
erratic results. 



Using the ion chromatography/mass spectrometry/mass spectrometry (IC/MS/MS) methods 
(EPA Methods 331/332) in place of the IC methods for both perchlorate and p-CBSA provided 
even lower detection limits and eliminated compound confirmation problems.    



A pH meter was used on-site to check pH values within the treatment plant.  HACH® field test 
kits were used on-site to screen process samples for NH3-N, NO3, and PO4-P. An oxidation-
reduction potential (ORP) probe was used to screen process samples.  Hydrogen peroxide test 
strips were used on-site to monitor residual H2O2 levels in process samples.   



When analytical results were reported by the analytical laboratory as “non-detect”, they were 
recorded as ½ of the Reportable Detection Limit (RDL).  If detection was made between the 
RDL and the Method Detection Limit (MDL), noted as “J” value by the laboratory, then the 
reported “J” value was recorded.  Since ½ of the RDL was always numerically greater than the 
MDL, adjusting “non-detect” values this way thought to have provided values closer actual 
concentration levels.  This adjustment was applied to all charts and tabular results in this report. 
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9.0 Data Management 



Data management for the pilot test included control of data, review of analytical and testing 
results, and manual compilation, organization and entry of data into spreadsheets or database 
files for processing, analysis, and presentation. 



All sampling and testing procedures were documented in bound sampling logs and laboratory 
notebooks.  Shaw controls these notebooks, collected all data, including supplier and 
manufacturer information, data collection forms or sheets, and laboratory analytical reports. 



Data obtained from sampling logs, laboratory notebooks, data collection forms or sheets and 
testing laboratories were reviewed for correctness and reasonableness prior to use.  Data from 
commercial laboratories were managed and reviewed in accordance with Shaw’s sampling and 
analysis procedures to ensure data quality objectives are met and to determine any data 
qualification needs.  All calculations obtained by using software were verified independently, 
either by hand or by entering data of known results into the software.  The laboratory was also 
required to provide a DTSC-specified format electronic deliverable directly to Shaw. 



Data collected for the each test run were grouped and tabulated for summary presentation and 
examination.  Key process data from the test runs were also tabulated for summary presentation, 
examination, and overall process variable and performance determination.  The data on the 
SAAB- and FRO- or HiPOx-treated effluents were tabulated for summary presentation, 
examination, and overall process treatment efficacy. 



Appendix B presents a summary of the analytical results.  Appendix C presents a copy of the 
logbook and Operations sheets SAAB/FRO/HiPOx Pilot-Scale Test.  Appendix D provides all of 
the laboratory analytical reports.  These analytical reports include a summary of the quality 
assurance (QA) and QC conducted during the analysis. 
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10.0 Data Analysis and Interpretation 



10.1 Pilot-Scale Testing Influent  
The influent stream to the PT contained treated A-Stream, B-Stream, and, for up to Day 107, 
C/D-Stream. Figure 10-1 shows the concentrations of p-CBSA, perchlorate, 1,4-dioxane, and 
NDMA in the PT influent.  pCBSA and perchlorate concentrations in the PT influent were 
variable of the course of the PT.  The concentration of p-CBSA in the PT influent ranged from 
200 to 800 mg/L, but was generally near 300 to 600 mg/L.  Perchlorate concentrations ranged 
from 30 to 2,000 µg/L, but were generally near 200 to 500 micrograms per liter (µg/L).  The 1,4-
dioxane and NDMA concentrations were largely consistent during the PT.  1,4-dioxane 
concentrations ranged from 8 to 42 µg/L, while NDMA concentrations ranged from 0.2 to 0.8 
µg/L.  Changing the PT influent from a combination of treated A-Stream, B-Stream, and C/D-
Stream to only treated A-Stream and B-Stream (Day 108, 10/16/06) did not appear to affect the 
concentrations of these contaminants though an initial increase in perchlorate concentrations 
were noted.  
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Figure 10-1.  p-CBSA, Perchlorate, 1,4-Dioxane, and NDMA Concentrations in the Pilot-
Scale Test Influent 
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Figure 10-2 shows the concentrations of volatile organics in the PT influent.  The concentrations 
of the volatile organics (1,2-dichlorobenzene, chlorobenzene, chloroform, ethylbenzene, 
methylene chloride, and TCE were the most prevalent) in the PT influent were highly variable, 
maintained  somewhat consistent ratios to one another, and seemed to increase slightly when the 
PT influent was changed from treated A-Stream, B-Stream, and C/D-Stream to only treated A-
Stream and B-Stream (Day 108, 10/16/06).  The PT utilized treated A-Stream from the existing 
PTP operations, collected downstream of the metals treatment clarifier, instead of an air stripped 
stream, as currently planned for the NPTP.  As a result, the PT influent may have had a slightly 
higher VOC loading than planned for the NPTP.  
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Figure 10-2.  VOC Concentrations in the Pilot-Scale Test Influent 



Table 10-1 summarizes the maximum, average and minimum concentrations seen for the 
contaminants in the PT influent.  The change of the influent from treated A-Stream (19%), B-
Stream (36%), and C/D-Stream (45%) to an influent of treated A-Stream (35%) and B-Stream 
(65%) on Day 108 generally resulted in an influent that had higher concentrations of perchlorate, 
TCE, TOC, COD, and biochemical oxygen demand (BOD). 
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Table 10-1  
Contaminants of Concern in the PT SAAB Influent 



PT Influent of tA/B/C/DA PT Influent of tA/BB 
Compound 



Maximum Average Minimum Maximum Average Minimum 
Perchlorate (µg/L) 690 169 <4 2,000 314 <4 



1,2-Dichlorobenzene (µg/L) 120 50 15 150 67 5.4 



1,4-Dichlorobenzene (µg/L) 30 12 <5 34 8.7 0.15 



Chlorobenzene (µg/L) 960 362 34 1,000 178 1.4 



Chloroform (µg/L) 220 93 23 320 125 <5 



Ethylbenzene (µg/L) 123 9.4 <0.5 46 11 <5 



Methylene Chloride (µg/L) 91 27 5.7 160 44 3.3 



Tetrachloroethylene (µg/L)  25 2.7 0.8 10 2.9 1.7 



Trichloroethylene (µg/L) 600 230 41 970 403 34 



Diethyl Phthalate (µg/L) 260 14 1.9 nd nd nd 



1,4-Dioxane (µg/L) 27 16 8.4 43 22 9.6 



NDMA (µg/L) 0.59 0.32 0.002 0.78 0.41 0.07 



pCBSA (mg/L) 690 427 <5 840 533 18 



Total Organic Carbon (mg/L) 400 272 130 670 348 180 



Chemical Oxygen Demand (mg/L) 1,200 775 370 1,600 956 340 



Biochemical Oxygen Demand 
(mg/L) 



380 237 72 680 455 310 



Nitrate (mg/L) 50 34 10 60 28 10 
A Influent comprised of treated A-Stream (19%), B-Stream (36%) and C/D-Stream (45%) 
B Influent of treated A-Steam (35%) combined with B-Stream (65%) 
nd = not detected 



 



10.1.1 Comparison to Design Influent 
Based on the design concentration and flow information for each of the Streams given in Tables 
3-1 and 3-2 and the concentration data from the Air-Stripping PTSR (Shaw, 2007a), the influent 
design composition for the NPTP can been calculated.  The PT influent data is compared to that 
influent design composition in Table 10-2. 



The data in Table 3-1 were derived from the average concentrations for each stream, using 
analytical data from 2000 and 2001.  Therefore, the calculated PT influent can be compared to 
the average influent from the PT.  Regardless of whether the PT influent is assumed to come 
from a combination of the treated A-Stream, B-Stream, or C/D-Stream, or from a combination of 
treated A-Stream and B-Stream, the same conclusions can be drawn.  The perchlorate and
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Table 10-2  
Comparison between the Calculated PT Influent and the Actual PT Influent 



Actual PT Influent 
Compound 



Calculated PT 
influent for 
A/B/C/DA Maximum Average Minimum 



Perchlorate (µg/L) 3,827 1,100 184 <4 



VOCs (µg/L) 4,898 2,169 782 122 



SVOCs (µg/L) 205 260 14 2 



1,4-Dioxane (µg/L) 18.7 27.0 16.2 8.4 



NDMA (µg/L) 0.69 0.59 0.33 0.002 



pCBSA (mg/L) 430 810 435 <5 



Total Organic Carbon (mg/L) 324 480 276 130 



Chemical Oxygen Demand (mg/L) 987 1,400 786 370 



Biochemical Oxygen Demand (mg/L) 33 380 273 32 



Nitrate (mg/L) 116 50 34 10 



Actual PT Influent 
Compound Calculated PT 



influent for A/BB Maximum Average Minimum 
Perchlorate (µg/L) 6,905 2,000 314 <4 



VOCs (µg/L) 9,019 2,690 842 193 



SVOCs (µg/L) 376 <5 <5 <5 



1,4-Dioxane (µg/L) 34.1 42 22 9.6 



NDMA (µg/L) 1.27 0.78 0.41 0.07 



pCBSA (mg/L) 790 840 533 18 



Total Organic Carbon (mg/L) 594 670 348 180 



Chemical Oxygen Demand (mg/L) 1803 1,600 956 340 



Biochemical Oxygen Demand (mg/L) 60.5 680 455 310 



Nitrate (mg/L) 55.1 60 28 10 
A Calculated influent of treated A-Stream combined with B-Stream and C/D-Stream using data in Table 3-1 and 3-2 
B Calculated influent of treated A-Steam combined with B-Stream using the data in Table 3-1 and 3-2 
 
SVOCs seen in the PT influent were an order of magnitude less than calculated.  For the VOCs, 
the PT influent had 1/6 of the VOCs concentration anticipated based on the calculated influent, 
while the NO3 concentrations were ½.  The p-CBSA, 1,4-dioxane, NDMA, TOC, and COD 
concentrations in the PT influent were comparable to those in the calculated influent.  The BOD 
concentration in the PT influent was 5 times greater than would be assumed from the calculated 
SAAB influent.  The probable reason for these discrepancies is likely variability and changes in 
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the groundwater between 2001/2002 (when the samples used for the design criteria were taken) 
and 2006/2007 (when the PT was conducted) and conservatism in determination of the design 
criteria from the actual data in the DTSC database. 



The main implication of these deviations of the PT influent from the calculated influent is that 
the anoxic FBR had a lower input of perchlorate, NO3, and VOCs than has been anticipated in 
the past.  This should make the performance of this portion of the SAAB less crucial to the 
overall success of the NPTP.  If air-stripping is employed prior to the SAAB, the VOCs input to 
the anoxic FBR could be even lower and less critical.  The scale-up of the SAAB (Section 
10.5.1) will utilize the PT influent as the influent to the SAAB.       



10.2 Sequential Anoxic / Aerobic Biotreatment 
10.2.1 Anoxic Fluidized Bed Reactor 
The primary treatment focus of the anoxic FBR was to reduce the concentrations of perchlorate 
and the chlorinated VOCs.  Figure 10-3 compares the perchlorate concentrations in the PT 
influent (SP-1) with those in the effluent from the anoxic FBR (SP-2), along with some other 
parameters (HRT, influent NO3 concentration, and lactic acid addition rate) that were considered 
for the operation of the anoxic FBR.   



From the end of the SAAB acclimation (Day 28, June 23, 2006) to the end of PT testing with the 
combination of the treated A-Stream, B-Stream, and C/D-Stream as the PT influent (Day 107, 
October 4, 2006), the perchlorate concentration after the anoxic FBR (SP-2) was largely below 
the laboratory detection limits (40 or 100 µg/L), with the exception of elevated perchlorate 
concentrations in the anoxic FBR effluent on September 25, 2006 (Day 98) and October 1, 2006 
(Day 104).  There is no explanation for these two anomalies. With the combined treated A-
Stream and B-Stream as the influent, high perchlorate concentrations in the anoxic FBR effluent 
were only seen in early January of 2007.  This was a consequence of returning the anoxic FBR to 
operation following the holiday recycle period.  Based on the lower laboratory detection limits 
used in February and March of 2007, the anoxic FBR removed 95 to 99% of the perchlorate in 
the PT influent. 



Overall, the performance of the anoxic FBR, with respect to the removal of perchlorate, is not 
affected by the HRT utilized or the lactic acid addition rate.  The lactic acid feed rate largely 
depended on the concentration of NO3 in the influent feed, since the microorganisms involved 
with the reduction of perchlorate also reduce NO3 and the concentration of NO3 in the influent 
was roughly two orders of magnitude greater than that of perchlorate (Figure 10-3).   During the 
PT, the NO3 concentration in the PT influent was fairly constant, allowing for consistent lactic 
acid addition.  For full-scale design, real-time NO3 analysis may be utilized to adjust the lactic 
acid addition rate to the anoxic FBR. 
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Figure 10-3.  Perchlorate Concentrations and Operating Conditions for the Anoxic Portion 
of the SAAB 



Figures 10-4 through 10-6 show the effect of the anoxic FBR on the volatile organics, while 
Table 10-3 shows the reductions seen for the volatile organics in the anoxic FBR.  The reduction 
shown in Table 10-3 were determined from October 2006 through November 2007 on days when 
the contaminant was analyzed in both the PT influent and the anoxic FBR effluent samples. 
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Figure 10-4.  1,2-Dichlorobenzene and 1,4-Dichlorobenzene Concentrations for the Anoxic 
Portion of the SAAB 
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Figure 10-5.  Chlorobenzene and Chloroform Concentrations for the Anoxic Portion of the 
SAAB 
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Figure 10-6.  Ethylbenzene, Methylene Chloride, and Trichloroethylene Concentrations for 
the Anoxic Portion of the SAAB 



Table 10-3  
Contaminant Reduction Efficiencies for Volatile Organics in the Anoxic FBR 



Reduction Efficiency %A 
Compound 



Low High Average 
1,2-Dichlorobenzene 56 98 89 



1,4-Dichlorobenzene 46 98 86 



Chlorobenzene 24 99 79B 



Chloroform 7 86 51 



Ethylbenzene 19 99 73 



Methylene Chloride 9 96 77 



Trichloroethylene 46 98 77C 



A Data not included when influent concentration was less than effluent 
B The reduction in chlorobenzene appeared to be based on influent concentration and increased with increasing  
   influent concentration 
C The reduction in TCE appeared to decrease over time during the PT. 
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Overall, the reduction efficiencies for the VOCs are typical for the anoxic/anaerobic 
biodegradation of these contaminants.  Determination of the reduction efficiencies for the 
volatile organics in the anoxic FBR was compounded by the fact that their concentration in the 
PT influent was highly variable.  For example, there were periods (e.g., October 17, 2006 (Day 
109) to December 17, 2006 (Day 165)) where chlorobenzene would not be detected in the PT 
influent or present at low (less than 20 µg/L) concentrations.  There were also a few days (i.e., 
December 2, 2006 (Day 151), January 8, 2007 (Day 173) and January 28, 2007 (Day 193)) 
where the concentration of chlorobenzene in the PT influent was less than the laboratory 
detection limit, while it was detected in the anoxic FBR effluent.  These anomalies may have 
been due to desorption of chlorobenzene off of the carbon particles in the anoxic FBR, caused by 
the low concentrations entering.   Similar situations occurred for the other volatile organics.  The 
calculation of the reduction efficiencies did not include these anomalies.  For most of the volatile 
organics, the reduction efficiency in the anoxic FBR did not appear to be affected by the 
concentration of the contaminant in the PT influent.  An exception to this was chlorobenzene, 
which seemed to have higher removal efficiency when increased concentrations of 
chlorobenzene were present in the PT influent (Figure 10-7).   



Figure 10-8 shows the removal efficiency of TCE as a function of time.  It appears that the 
reduction efficiency of TCE in the anoxic FBR is decreasing with time.  However if air stripping 
was to be employed prior to the SAAB, low concentrations of VOCs may be present in the 
SAAB influent and low removal efficiencies may be attained. 
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Figure 10-7.  Chlorobenzene Concentrations and % Reduction for the Anoxic Portion of 
the SAAB 
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Figure 10-8.  Trichloroethylene Concentrations and % Reduction for the Anoxic Portion of 
the SAAB 



Often, the anoxic biodegradation of chlorinated volatile organics results in the accumulation of 
breakdown products.  Figure 10-9 shows that the dechlorination of the TCE in the anoxic FBR 
began to produce significant levels of cis 1,2-dichloroethylene (cis-1,2-DCE) in the anoxic FBR 
effluent, beginning around January 14, 2007 (Day 179) and continuing through November of 
2007.  cis-1,2-DCE was very rarely detected in the PT influent, so the source of it in the anoxic 
FBR must be the incomplete degradation of TCE.  The cold weather in mid to late January of 
2007 may have affected the microbes involved in dechlorination of cis-1,2-DCE.  The decline in 
cis-1,2-DCE in the effluent from the anoxic FBR starting in mid April 2007 may have been due 
to the re-establishment of those microbes or the adaptation of other microbes to the 
dechlorination of cis-1,2-DCE. 



The presence of other breakdown products of TCE (e.g., vinyl chloride [VC]) was infrequently 
detected in the anoxic FBR effluent, often at or near their detection limits, until October of 2007.  
There was no apparent explanation for the rise in VC concentration in the effluent of the anoxic 
FBR starting in October, 2007. 
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Figure 10-9.  Concentrations of Trichloroethylene and its Breakdown Products in the 
Anoxic Portion of the SAAB 



10.2.2 Aerobic Fluidized Bed Reactor 
The primary treatment focus of the aerobic FBR was to reduce the concentrations of p-CBSA as 
well as other bio-oxidizable contaminants.  This was necessary to reduce the matrix demand for 
oxidants in a downstream oxidation process.  P-CBSA represents the largest single oxidizable 
contaminant exiting the anoxic FBR, and it contributes to BOD, COD, and TOC values.  Figure 
10-10 compares the p-CBSA concentrations in the PT influent (SP-1) with those in the effluent 
from the aerobic FBR (SP-3), along with the HRT, recycle flow, and bed height for the reactor.  
While the reduction of p-CBSA in the aerobic FBR is typically greater than 90%, the high (>50 
mg/L) concentrations of p-CBSA in the aerobic FBR effluent typically indicate problems with 
the SAAB in general and the aerobic FBR in particular.  For example, the high p-CBSA 
concentrations in the effluent from the aerobic FBR in mid September, 2006 are remnants of  the 
upset of the SAAB on September 6, 2006 (Day 83.1) (Table 6-2).  Similarly, cold weather at the 
site may have resulted in the elevated p-CBSA concentrations in the aerobic FBR effluent from 
January 14, 2007 (Day 179) through February 5, 2007 (Day 201).  Further, the elevated p-CBSA 
concentrations in the aerobic FBR effluent from October 24, 2006 (Day 116) through November 
19, 2006 (Day 138), from January 14, 2007 (Day 179) through February 5, 2007 (Day 201), and 
from March 14, 2007 (Day 223) through April 20, 2007 (Day 259) may also have been due to 
low recycle flow rates in the aerobic FBR.  Increases in the recycle rate in the aerobic FBR 
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typically result in decreases in the p-CBSA concentrations in the aerobic FBR effluent.  Lastly, 
the high p-CBSA concentrations in the aerobic FBR effluent on September 24, 2007 (Day 416) 
and September 28, 2007 (Day 420) may be due to the clogged distribution lines which were 
cleared on September 26, 2007 (Day 418). 
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Figure 10-10.  p-CBSA Concentrations and Operating Conditions for the Aerobic Portion 
of the SAAB 



The HRT for the aerobic FBR appeared to influence the concentration of the p-CBSA in the 
aerobic FBR effluent.  When the influent to the SAAB was a combination of  treated A-Stream, 
B-Stream, and C/D-Stream, an HRT of 2.5 hours (100% of design basis) for the aerobic FBR 
produced effluent with a lower p-CBSA concentration as opposed to an HRT of 2 hours (80% of 
design basis).  The switch to only treated A-Stream and B-Stream for the PT influent on October 
16, 2006 (Day 108) resulted in the elevated p-CBSA concentrations in the aerobic FBR effluent 
until the HRT was raised to 120% of the design basis (3 hours).  An HRT of 100% of the design 
basis for the aerobic FBR was re-tried from May 30, 2007 (Day 330) to August 15, 2007 (Day 
376), resulting in elevated p-CBSA levels in the effluent.  



Figures 10-11 through 10-13 show the effect of the aerobic FBR on the volatile organics, while 
Table 10-4 shows the reductions seen for the volatile organics in the aerobic FBR.  The 
reductions shown in Table 10-4 were determined from October 2006 through November 2007 on 
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days when the contaminant was analyzed in both the anoxic FBR effluent (SP-2) and aerobic 
FBR effluent (SP-3) samples. 



For 1,2-dichlorobenzene, chlorobenzene, and ethylbenzene, the reduction efficiencies in Table 
10-4 are typical for the aerobic biodegradation of these contaminants.  For the chlorinated VOCs 
(e.g., chloroform, methylene chloride, TCE), the reduction efficiencies are well above what 
would be expected for the aerobic biodegradation of these compounds. This would suggest that 
the oxygenation of the anoxic FBR effluent as it enters the aerobic FBR may be stripping some 
of the VOCs (see Section 10.2.4). 
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Figure 10-11.  1,2-Dichlorobenzene and 1,4-Dichlorobenzene Concentrations for the 
Aerobic Portion of the SAAB 
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Figure 10-12.  Chlorobenzene and Chloroform Concentrations for the Aerobic Portion of 
the SAAB 
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Figure 10-13.  Ethylbenzene, Methylene Chloride, and Trichloroethylene Concentrations 
for the Aerobic Portion of the SAAB  



Table 10-4  
Contaminant Reduction Efficiencies for Volatile Organics in the Aerobic FBR 



Reduction Efficiency %A 
Compound 



Low High Average 
1,2-Dichlorobenzene 58 99 87 



1,4-Dichlorobenzene 19 99 62 



Chlorobenzene 59 99 92 



Chloroform 40 99 66 



Ethylbenzene 24 93 78 



Methylene Chloride 29 94 70 



Trichloroethylene 52 96 85 
A Data not included when the influent concentration was less than the effluent concentration or when the influent concentration was less 
than the laboratory detection limit 
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10.2.3 1,4-Dioxane and N-Nitrosodimethylamine 
Figure 10-14 suggests that 1,4-dioxane may be degraded in the SAAB.  Since the 1,4-dioxane 
concentration exiting the anoxic FBR (SP-2) is comparable to the 1,4-dioxane concentration in 
the PT influent (SP-1), the degradation may be occurring in the aerobic FBR. Micro-organisms 
that grow on methane, morpholine, tetrahydrofuran (THF), propane and toluene have been 
shown to be able to oxidize 1,4-dioxane (Vainberg et al., 2006).  THF was routinely identified as 
a tentatively identified compound (TIC) in the aerobic FBR effluent (SP-3), though not in the PT 
influent feed (SP-1) or the anoxic FBR effluent (SP-2).  THF is not commonly a breakdown 
product for the aerobic biodegradation of other organic compounds.  While the analytical 
laboratory was not comfortable with reporting the THF as anything other than a TIC, the mass 
spectra of the TIC very closely matched THF.  The presence of THF in the aerobic FBR may 
stimulate microorganisms to co-metabolize 1,4-dioxane, resulting in the reduction seen for 1,4-
dioxane in the aerobic FBR.  Attempts to isolate and culture the 1,4-dioxane degrading micro-
organisms from the carbon and biomass of the aerobic FBR were unsuccessful (Shaw, 2007b). 



0.01



0.1



1



10



100



5/28 6/25 7/23 8/20 9/17 10/15 11/12 12/10 1/7 2/4 3/4 4/1 4/29 5/27 6/24 7/22 8/19 9/16 10/14 11/11



2006 - 2007



1,
4-



D
io



xa
ne



 C
on



ce
nt



ra
tio



n 
(µ



g/
L)



0



10



20



30



40



50



60



70



80



90



100



1,
4-



D
io



xa
ne



 R
em



ov
al



 (%
)



PT Influent Anoxic FBR Effluent Aerobic FBR Effluent SAAB Removal



 



Figure 10-14.  1,4-Dioxane Concentrations through the SAAB Pilot-Scale Test Equipment 



The concentrations of NDMA in the SAAB effluent were reduced approximately 46%, with 
respect to it’s concentrations in the PT influent (Figure 10-15).  While there are only a few 
NDMA data points for sample point SP-2 (anoxic FBR effluent), the reduction seems to be 
occurring in both FBRs.  NDMA has been shown to be biodegraded under aerobic conditions 
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and slowly degraded under anoxic conditions (Bradley et al, 2005).  The data in Figure 10-15 is 
consistent with this approach.   
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Figure 10-15.  NDMA Concentrations through the SAAB Pilot-Scale Test Equipment 



The average degradation of NDMA in the anoxic FBR was 29%, while the average degradation 
in the aerobic FBR was also 29%, though both were highly variable.  It appears that if the 
NDMA degradation occurs in the anoxic FBR, there is little or no degradation in the aerobic 
FBR and that NDMA degradation in the aerobic FBR primarily occurred only when the 
degradation of the NDMA in the anoxic FBR is low.  The NDMA removal rate also appeared to 
decrease as the PT influent was changed from the combination of treated A-Stream with the B- 
and C/D-Streams (average total NDMA removal of 60%) to the combination of treated A-Stream 
with B-Stream (average total NDMA removal of 40%).  A similar decrease was also seen for 
1,4-dioxane removal by the SAAB. 



10.2.4 Emissions 
Tedlar bag samples were obtained from sample points SP-7 and SP-8 and analyzed to determine 
emissions from the anoxic and aerobic FBRs, respectively (Figures 10-16 to 10-18).  
Chlorobenzene, chloroform, methylene chloride, 2-butanone (MEK), 4-methyl-2 pentane 
(MIBK), acetone, carbon dioxide, carbon disulfide, benzene, methane, and naphthalene appeared 
to be emitted from the anoxic and aerobic FBR on a consistent basis, while minor detections 
(less than 2,000 ppv) of toluene, trichloroethane, and xylene appeared to be emitted sporadically.  
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The chlorobenzene, chloroform, methylene chloride, and TCE were present in the PT influent 
and may be stripped from the reactors, while MEK, MIBK, acetone, carbon dioxide, benzene, 
methane, naphthalene, toluene, trichloroethane, and xylene appear to be produced in the FBRs 
from biological activity.  With the exception of acetone, the produced compounds were emitted 
at concentrations 1-2 orders of magnitude higher from the anoxic FBR as compared to the 
aerobic FBR. None of the produced compounds that were detected in the off-gas from the FBRs 
built up in the liquid phase to the point that they were detected, with the exception of acetone. 
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Figure 10-16.  Volatile Organic Compounds Emitted from the SAAB Pilot-Scale Testing 
Equipment 
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Figure 10-17.  Volatile Organics Compounds Produced and Emitted from the SAAB Pilot-
Scale Testing Equipment 
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Figure 10-18.  Volatile Gases Emitted from the SAAB Pilot-Scale Testing Equipment 



Mass balances, based on the influent contaminant concentrations entering and leaving the unit 
(e.g., anoxic or aerobic FBR) and the mass of contaminants collected in the Tedlar bag sample, 
were calculated to determine the percent of the contaminant volatilized in the unit.  These 
calculations were made only for those contaminants which were detected in both the influent and 
effluent to the unit and the Tedlar bag samples.  These results indicated that less than 4% of the 
chlorbenzene, chloroform, and TCE and 3-47% of the methylene chloride were volatilized from 
the anoxic FBR.  The high variability seen for the methylene chloride is probably due to the fact 
that the methylene chloride concentrations in the influent to the anoxic FBR were very close to 
its laboratory detection limit.  The total mass volatilized from the anoxic FBR ranged from 0.2 to 
2.5 g/day.  This suggests that little volatilization of VOCs occurred from the anoxic FBR. 



Similar mass balances indicated that a portion of the contaminant removals seen for the aerobic 
FBR was attributable to volatilization.  The volatilization may be caused by the oxygenation of 
the anoxic FBR effluent as it enters the aerobic FBR, stripping some of the VOCs.  The portion 
of contaminant removal attributable to volatilization typically decreased over time.  This effect 
was probably due to more consistent performance of the aerobic FBR as the microbial 
communities matured.  The total mass volatilized from the aerobic FBR ranged from 0.2 to 0.6 
g/day.  This suggests that little volatilization of VOCs occurred from the aerobic FBR. 
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Table 10-5  
Percent of Contaminant Removal in the Aerobic FBR Attributable to Volatilization 



Volatilization %A 
Compound 



Day 28B Day 147 Day 165 
Cis-1,2-Dichloroethylene --C 216 226 



Chlorobenzene --C 6 6 



Chloroform 77 4 2 



Methylene Chloride 172 35 116 



Trichloroethylene --D 3 3 
A Based on mass balance of the concentrations after the anoxic (SP-2) and aerobic (SP-3) FBRs and the Tedlar bag data (SP-7) 
B These were the only days where SP-2, SP-3, and SP-7 were all sampled during the PT 
C The analytes were not detected in the anoxic FBR effluent 
D The TCE concentration was higher in the aerobic FBR effluent than in the anoxic FBR effluent  



 



10.2.5 Performance Assessment 
During the PT, operation of the anoxic FBR at HRTs up to 2.5 hours (design basis), while 
controlling the lactic acid addition rate based on the influent NO3 concentrations allowed the 
anoxic reactor to reduce the concentrations of perchlorate and volatile organics to acceptable 
levels.  The anoxic FBR reduced the perchlorate concentrations by over 95%, while the volatile 
organics concentrations were reduced ranging from 65% to 95%.  Changing the PT influent from 
a combination of treated A-Stream, B-Stream, and C/D-Stream to treated A-Stream and 
B-Stream had little effect on the performance of the anoxic FBR.   



During the PT, operation of the aerobic FBR did reduce the p-CBSA concentrations on the order 
of 90%.  For the combination of treated A-Stream, B-Stream, and C/D Stream, an HRT of 1.25 
hours or less was acceptable.  Changing the PT influent from a combination of treated A-Stream, 
B-Stream, and C/D-Stream to treated A-Stream and B-Stream had a large impact on the 
performance of the aerobic FBR.  The HRT had to be adjusted to a minimum of 1.5 hours to 
obtain significant treatment of the pCBSA.   



The 100% design lactic acid addition rate (0.0006 gpm of 32% lactic acid solution) for the 
anoxic FBR appeared effective for adding sufficient lactic acid to allow the reduction of both 
NO3 and perchlorate.  During full-scale SAAB treatment, the lactic acid addition should be 
controlled using the influent NO3 concentration and flow rate to the anoxic FBR.   The additions 
of phosphate and urea were controlled during the PT to provide a slight excess (5 to 10 ppm) of 
nitrogen and phosphorous in the effluent from the aerobic FBR.  This practice should be 
continued during the full-scale SAAB treatment. 











     
 
 



  Final Pilot-Scale Test Summary Report 
    Revision 2, July 2008 
 
 



10-24 



Table 10-6 shows the mass balance for the SAAB process, both during the period where the 
influent to the PT was a composite of treated A-, B-, and C/D-Streams and during the period 
where the influent to the PT was a composite of the treated A- and B-Streams.  These mass 
balances demonstrate that significant contaminant degradation occurs during the SAAB 
treatment. 



Table 10-6  
Mass Balance for the SAAB Process 



PT Influent of tA/B/C/D PT Influent of tA/B 



Influent Degraded Volatilized Influent Degraded Volatilized Compound 



(g/day) at 1 gpm 
p-CBSA 2,320 2,050 (88)A 0 2,900 2,450 (85) 0 



VOCs 4.30 3.78 (88) 0.4 (7) 4.60 3.96 (86) 0.4 (9) 



Perchlorate 0.92 0.83 (90) 0 1.71 1.62 (95) 0 



1,4-Dioxane 0.087 0.026 (30) 0 0.12 0.018 (15) 0 



NDMA 0.0017 0.001 (60) 0 0.0022 0.00088 (40) 0 
A Numbers on parentheses are the % contaminant removal 
 



10.3 Fenton Reagent Oxidation 
During the BT (Shaw, 2004 and Shaw, 2005b), it was demonstrated that 1,4-dioxane and NDMA 
in the SAAB effluent could be oxidized under Fenton’s Reagent oxidation conditions (e.g., H2O2 



at pH less than 4 in the presence of ferrous iron).  During the PT, modification of the amount of 
iron and/or peroxide added to the FRO reactor was to be conducted to determine optimal 
operating conditions for the reaction.   



10.3.1 Fenton Treatment Oxidation Treatment of 1,4-Dioxane and N-Nitrosodimethylamine 
10.3.1.1 Initial Modification of Operating Parameters (Day 29 to Day 140) 
Starting on Day 29 (May 25, 2006), FRO PT involving the modification of the Fe and H2O2 
addition rates was conducted.  From the bench testing, the design basis for the Fe addition rate 
was 0.0007 gpm of 28% FeCl2 solution per gpm SAAB effluent.  Similarly, the design of the 
H2O2 addition was 0.001 gpm of 50% H2O2 solution per gpm of SAAB effluent.  These 
proportional flow rates would be referred to as “100% design basis”.  Figures 10-19 shows the 
effect of modifying the Fe and H2O2 addition rate to the FRO reactor on the oxidation of 1,4-
dioxane and NDMA.  Since the NDMA concentrations entering the FRO system were less than 
the anticipated discharge criteria (0.5 µg/L), most of the following discussion will focus on the 
oxidation of 1,4-dioxane in the FRO system. 
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From the data in Figure 10-19, the 1,4-dioxane reduction (1,4-dioxane in SAAB effluent versus 
1,4-dioxane in FRO effluent) in the FRO reactor was typically lower than the greater than 90% 
reduction seen during the BT (Shaw 2004b) and NDMA did not appear to be oxidized.  With the 
exception of Days 72 - 76 (August 25, 2006 – August 28, 2006), Day 84 – 89 (September 11, 
2006 – September 15, 2006), and Days 97 – 101 (September 24, 2006 – September 28, 2006), 
the 1,4-dioxane and NDMA concentrations were not largely affected by changes in the H2O2 
addition rate, even when the H2O2 addition rate was increased to 500% of the design basis.   



The p-CBSA, TOC and COD entering the FRO reactor were on the order of 50 mg/L, 150 mg/L 
and 350 mg/L, respectively.  Even though similar concentrations of TOC and COD were seen in 
the bench-scale influent (Shaw 2004b), it was decided that removal of oxidizable organics in the 
SAAB effluent (influent to the FRO reactor) may enhance the performance of the FRO 
treatment.  
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Figure 10-19.  NDMA and 1,4-Dioxane Concentrations Through the FRO Pilot-Scale Test 
Equipment 



 



10.3.1.2 Removal of Oxidizable Species from the Sequential Anoxic / Aerobic Biotreatment Effluent 
(Day 141 to Day 212) 



A small (15-20 gallon) LGAC Canister (T-PT016) was added to the PT system between the 
SAAB clarifier (T-PT07) and the Fenton’s Feed Tank (T-PT08) on Day 141 (November 22, 
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2006).  The purpose of this LGAC canister was to remove oxidizable organics from the SAAB 
effluent (influent to the FRO reactor).  Due to the limited volume of LGAC in the canister, it was 
frequently changed out (Figure 10-20).  This was done purposely to allow observation of LGAC 
exhaustion and its effects on the performance of the FRO.  Figure 10-20 shows that adding the 
LGAC Canister did reduce the p-CBSA, TOC and COD entering the FRO reactor, along with the 
1,4-dioxane (more discussion of this in Section 10.4).  However, the effect was short-lived and 
inconsistent. 
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Figure 10-20.  Effect of Removal of Oxidizable Species using LGAC on the Treatment of 
1,4-Dioxane in the FRO Pilot-Scale Test Equipment 



Additionally, the HRT of the aerobic reactor was increased on Day 185 (January 20, 2007) to 
170% and on Day 199 (February 3, 2007) to 200% of the design basis in an attempt to also 
reduce the TOC and COD in the SAAB effluent.  Based on the data in Figure 10-20, the increase 
in HRT of the aerobic reactor may have slightly reduced the pCBSA, TOC, and COD in the 
SAAB effluent, though this reduction was within the variability of these parameters in the SAAB 
effluent.    



10.3.1.3 Increase in Hydraulic Retention Time for the Fenton Reagent Oxidation Reaction (Day 221 to 
Day 301) 



On Day 222 (March 13, 2007), an additional 60 gallon tank (T-PT09.5) was added between the 
Fenton’s Reactor (T-PT09) and the Neutralization Tank (T-PT10).  This increased the HRT for 
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the FRO from roughly 60 minutes (at the existing 0.32 gpm influent feed rate) to roughly 240 
minutes.  The data in Figure 10-18 indicates that increasing the HRT for the FRO would be 
necessary to reduce the 1,4-dioxane concentration to near 1 µg/L.  
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Figure 10-21.  Effect of Increased HRT in the FRO Pilot-Scale Test Equipment on the 
Concentrations of 1,4-Dioxane and NDMA 



Increasing the HRT also appeared to slightly improve the destruction of the NDMA, though the 
NDMA destruction was still in the range of 50 to 90% seen for NDMA previously (Figure 10-
19).   



10.3.2 Fenton Reagent Oxidation Treatment of other Contaminants of Concern 
Figures 10-22 and 10-23 show the effect of the FRO treatment on the VOCs, while Table 10-7 
shows the reductions seen for the volatile organics in the FRO treatment.  The reductions shown 
in Table 10-7 were determined from July 2006 through December 2006 on days when the 
contaminant was analyzed in both the SAAB effluent (SP-3) and the FRO effluent (SP-4) 
samples. The VOC contaminant concentrations were typically reduced 45-75% during the FRO 
treatment. 
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Figure 10-22.  Effect of the FRO Treatment on the Concentrations of Chlorobenzene, 
Chloroform, and 1,2-Dichlorobenzene 
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Figure 10-23.  Effect of the FRO Treatment on the Concentrations of Trichloroethylene, 
Ethylbenzene, and Methylene Chloride 



Table 10-7  
Contaminant Reduction Efficiencies for Volatile Organics during FRO Treatment 



Reduction Efficiency %A 
Compound 



Low High Average 
1,2-Dichlorobenzene --B --B --B 



Chlorobenzene 3 77 45 



Chloroform (post 9/5/06)C 27 94 58 



Ethylbenzene --B --B --B 



Methylene Chloride 11 95 59 



Trichloroethylene 24 98 74 
A Data not included when FRO effluent concentration was less than the SAAB effluent concentrations 
B SAAB and FRO effluent concentrations were both typically below laboratory detections limits 
C Prior to September 5, 2006, the FRO effluent concentrations were typically greater than the SAAB effluent concentrations 
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10.3.3 Emissions 
Periodically during the PT, summa canister samples were obtained from SP-6, representing the 
emissions for all of the PT processing equipment (SAAB and FRO).  The emissions from the 
FRO were to be calculated, subtracting the emissions for the anoxic FBR (SP-7) and for the 
aerobic FBR (SP-8).  However, the total VOC emissions obtained from SP-6 were on the order 
of 0.004 g/day, two to three orders of magnitude less than the total VOC emissions from either 
SP-7 or SP-8.   



Typically, the mass of VOC in the aerobic FBR effluent (influent to the FRO) was on the order 
of 0.1 g/day.  Compared to the amount of VOCs emitted from the SAAB (0.4 – 3.1 g/day), even 
if all of the VOC reduction (45% to 75%) during the FRO process was due to volatilization, the 
potential VOC emission from the FRO would be less than 0.075 g/day .  



10.3.4 Performance Assessment 
During the PT, operation of the FRO reactor at a residence time of approximately 30 to 60 
minutes, while controlling the H2O2 and FeCl2 solution addition rates, did not achieve the greater 
than 90% reductions of 1,4-dioxane and NDMA seen during the bench-scale evaluation (Shaw, 
2004 and 2005b), even when H2O2 and FeCl2 addition rates were increased to 500% and 200% 
of the design basis.  Attempts were made to remove oxidizable organics in the FRO feed, but 
were not successful in improving the performance of the FRO.  Increasing the residence time for 
reaction to 240 minutes was effective in achieving greater than 90% reductions of 1,4-dioxane 
and NDMA.  There were fluctuations in the performance of the FRO at this increased HRT, but 
these were probably attributable to problems with fluidization of the aerobic FBR.  The design of 
the full-scale FRO treatment system should include sufficient tankage to allow for a 4-hour HRT 
after the FRO reactor.  



Table 10-8 shows the mass balance for the FRO process, both during the period where the 
influent to the PT was a composite of treated A-, B-, and C/D-Streams and during the period 
where the influent to the PT was a composite of the treated A- and B-Streams.  These mass 
balances demonstrate that the FRO treatment was not achieving the anticipated 90% contaminant 
degradation, though the 90% contaminant degradation could be attained with an increased HRT 
near 4 hours. 
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Table 10-8  
Mass Balance for the FRO Process 



PT Influent of tA/B/C/D PT Influent of tA/B 



InfluentA Oxidized Volatilized InfluentA Oxidized Volatilized Compound 



(g/day) at 0.65 gpm 
p-CBSA 176 88(50)B --C 292 254(87) -- 



VOCs 0.078 0.007 (9) --  0.156 0.094 (60) -- 



Perchlorate 0.09 0 -- 0.059 0 -- 



1,4-Dioxane 0.039 0.017 (44) -- 0.066 0.048 (73) -- 



NDMA 0.00045 0.000091 (20) -- 0.00086 0.00049 (57) -- 
A Influent to FRO was the SAAB effluent at a reduced flow 
B  Numbers on parentheses are the % removal 
C Unable to ascertain from the PT data 



 



10.4 HiPOx 
During the BT (MWH, 2007), it was demonstrated that 1,4-dioxane and NDMA in the SAAB 
effluent could be oxidized under by a combination of O3 and H2O2.  During the PT, modification 
of the amount of O3 and H2O2 added to the HiPOx reactor was to be conducted to determine 
optimal operating conditions for the reaction.  



Tables 10-9 to 10-16 summarize the analytical results for the HiPOx PT runs.  Influent and 
effluent concentrations of selected constituents for the pilot test runs are graphed in Figures 10-
24 through 10-31.   
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Table 10-9 
Summary of Results and Conditions for Runs A-C 



Run Run A Run B Run C 
Planned Total H2O2 dose (mg/L) 100 150 250 
Actual H2O2 Dose (mg/L) 51 95 67 134 100 236 
Planned Total O3 dose (mg/L) 200 300 500 
Actual O3 Dose (mg/L) 72 200 150 300 351 501 
Planned Molar Ratio 0.71 0.71 0.71 
Actual Molar Ratio 1.00 0.67 0.63 0.63 0.64 0.64 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Result 



pH (s.u.) 7.9       
Total Alkalinity (mg/L) 480       
Hydroxide (mg/L) 1.5       
Carbonate (mg/L) 1.5       
Bicarbonate (mg/L) 590       
Conductivity (mmhos/cm) 3,900       
Turbidity (NTU) 2.2       
BOD (mg/L) 28       
COD (mg/L) 300  310 290 280  140 
TOC (mg/L) 99  75 71 60  38 
DOC (mg/L)   68 64   26 
p-CBSA (mg/L) 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 
1,4-Dioxane (µg/L) 18  2.9 3.7 0.57  0.05 
NDMA (µg/L) 0.19  0.055 0.01 0.01  0.022 



Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
cm - centimeters 











     
 
 



  Final Pilot-Scale Test Summary Report 
    Revision 2, July 2008 
 
 



10-33 



y = 18.46e-0.0106x



R2 = 0.99



y = 0.1829e-0.0039x



R2 = 0.7854



y = 357.65e-0.0015x



R2 = 0.692



y = 103.66e-0.0019x



R2 = 0.9841



10



100



1000



0 100 200 300 400 500



Ozone Dose (mg/L)



L
og



 C
O



D
 a



nd
 T



O
C



 C
on



ce
nt



ra
tio



ns
 (m



g/
L



)



0.01



0.1



1



10



100



L
og



 1
,4



-D
io



xa
ne



 a
nd



 N
D



M
A



 C
on



ce
nt



ra
tio



ns
 (µ



g/
L



)



COD TOC 1,4-Dioxane NDMA



Expon. (1,4-Dioxane) Expon. (NDMA) Expon. (COD) Expon. (TOC)



 
Figure 10.24 Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs A-C 
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Figure 10-25. Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs E-H 
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Table 10-10 
Summary of Results and Conditions for Runs E-H  
 



Run Run E Run F Run G Run H 
Planned Total H2O2 dose (mg/L) 100 150 250 350 
Actual H2O2 Dose (mg/L) 51 95 67 134 100 236 213 289 
Planned Total O3 dose (mg/L) 200 300 500 700 
Actual O3 Dose (mg/L) 76 200 152 300 349 501 422 576 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 0.95 0.67 0.62 0.63 0.65 0.64 0.71 0.71 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.7         
Total Alkalinity (mg/L) 640         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 780         
Conductivity (mmhos/cm) 4,100         
Turbidity (NTU) 2.1         
BOD (mg/L) 20         
COD (mg/L) 300  240 240 160  120 98 120 
TOC (mg/L) 95  69 65 53  33 38 31 
DOC (mg/L)    58 42   23 17 
p-CBSA (mg/L) 0.0125 0.039 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 
1,4-Dioxane (µg/L) 21  1.5 2.3 0.29  0.05 0.045 0.05 
NDMA (µg/L) 0.15  0.011 0.087 0.052  0.002 0.021 0.002 



Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Table 10-11 
Summary of Results and Conditions for Runs I-L  
 



Run Run I Run J Run K Run L 
Planned Total H2O2 dose (mg/L) 100 150 200 300 
Actual H2O2 Dose (mg/L) 51 95 69 137 119 187 208 283 
Planned Total O3 dose (mg/L) 200 300 400 600 
Actual O3 Dose (mg/L) 70 195 151 301 251 402 439 598 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 1.03 0.69 0.65 0.64 0.67 0.66 0.67 0.67 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.7         
Total Alkalinity (mg/L) 600         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 730         
Conductivity (mmhos/cm) 4,100         
Turbidity (NTU) 1.5         
BOD (mg/L) 11         
COD (mg/L) 270  230 250 190  220 170 160 
TOC (mg/L) 85  63 66 48  37 33 24 
DOC (mg/L)    64 43   22 14 
p-CBSA (mg/L) 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 
1,4-Dioxane (µg/L) 19  1.3 3.9 0.14  0.05 0.28 0.24 
NDMA (µg/L) 0.16  0.069 0.075 0.087  0.044 0.054 0.002 



Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Figure 10-26.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs I-L 
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Figure 10-27.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs M-P 
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Table 10-12 
Summary of Results and Conditions for Runs M-P 
 



Run Run M Run N Run O Run P 
Planned Total H2O2 dose (mg/L) 100 150 200 300 
Actual H2O2 Dose (mg/L) 51 95 69 137 119 187 208 283 
Planned Total O3 dose (mg/L) 200 300 400 600 
Actual O3 Dose (mg/L) 70 195 151 301 251 402 439 598 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 1.03 0.69 0.65 0.64 0.67 0.66 0.67 0.67 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.8         
Total Alkalinity (mg/L) 690         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 840         
Conductivity (mmhos/cm) 4,100         
Turbidity (NTU) 13         
BOD (mg/L) 24         
COD (mg/L) 230  250 240 180  140 130 120 
TOC (mg/L) 77  60 73 52  36 35 22 
DOC (mg/L)    71 45   27 12 
p-CBSA (mg/L) 5.8 9.2 0.34 7.7 0.043 1.2 0.0125 0.12 0.0125 
1,4-Dioxane (µg/L) 15  2.3 8.6 0.16  0.05 0.36 0.35 
NDMA (µg/L) 0.17  0.1 0.13 0.082  0.042 0.049 0.002 
Chloroform (µg/L) 5.1   7.3      
cis 1,2-Dichloroethene (µg/L) 2.3   2.5      
Methylene Chloride (µg/L) 2.2   1.8      
Trichloroethene (µg/L) 5   2.5      
Acetone 2.5   67      
Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Table 10-13 
Summary of Results and Conditions for Runs Q-T 
 



Run Run Q Run R Run S Run T 
Planned Total H2O2 dose (mg/L) 75 100 140 175 
Actual H2O2 Dose (mg/L) 36 71 48 96 63 134 97 167 
Planned Total O3 dose (mg/L) 150 200 280 350 
Actual O3 Dose (mg/L) 54 151 75 202 130 280 201 350 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 0.94 0.66 0.90 0.67 0.68 0.68 0.68 0.67 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.7         
Total Alkalinity (mg/L) 620         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 760         
Conductivity (mmhos/cm) 4,100         
Ammonia-nitrogen (mg/L) 2.8 2 2   1.9 1.6   
Turbidity (NTU) 1.2         
BOD (mg/L) 10         
COD (mg/L) 260  280 290 240  200 220 170 
TOC (mg/L) 83  67 74 59  49 57 39 
DOC (mg/L)    70 54   55 34 
p-CBSA (mg/L) 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 
1,4-Dioxane (µg/L) 19  3.2 10 1.1  0.2 2.5 0.07 
NDMA (µg/L) 0.21  0.15 0.18 0.13  0.11 0.13 0.067 
Chloroform (µg/L)        10 11 
cis 1,2-Dichloroethene (µg/L)        0.25 0.25 
Methylene Chloride (µg/L)        0.52 0.47 
Trichloroethene (µg/L)        0.43 0.25 
Acetone        36 55 
Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Figure 10-28.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs Q-T 
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Figure 10-29.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs U-X 
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Table 10-14 
Summary of Results and Conditions for Runs U-X  
 



Run Run U Run V Run W Run X 
Planned Total H2O2 dose (mg/L) 75 100 140 175 
Actual H2O2 Dose (mg/L) 35 71 48 96 62 128 97 163 
Planned Total O3 dose (mg/L) 150 200 280 350 
Actual O3 Dose (mg/L) 54 152 76 204 131 280 202 352 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 0.92 0.66 0.89 0.66 0.67 0.65 0.68 0.65 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.6         
Total Alkalinity (mg/L) 650         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 800         
Conductivity (mmhos/cm) 4,200         
Ammonia-nitrogen (mg/L) 8.95 8.4 8.4   8.2 7.9   
Turbidity (NTU) 2.4         
BOD (mg/L) 10         
COD (mg/L) 280  260 360 240  250 270 200 
TOC (mg/L) 95  80 96 78  69 77 53 
DOC (mg/L)    95 83   79 53 
p-CBSA (mg/L) 0.059 1 0.18 0.84 0.06 0.47 0.0125 0.14 0.0125 
1,4-Dioxane (µg/L) 20  4.6 17 3  0.82 5.8 0.12 
NDMA (µg/L) 0.13  0.11 0.15 0.083  0.059 0.08 0.043 
Chloroform (µg/L)        7.6 9.1 
cis 1,2-Dichloroethene (µg/L)        0.25 0.25 
Methylene Chloride (µg/L)        1.5 0.3 
Trichloroethene (µg/L)        0.49 0.25 
Acetone        32 70 
Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Table 10-15  
Summary of Results and Conditions for Runs Y-BB 
 



Run Run Y Run Z Run AA Run BB 
Planned Total H2O2 dose (mg/L) 100 150 250 350 
Actual H2O2 Dose (mg/L) 46 89 69 137 140 205 229 291 
Planned Total O3 dose (mg/L) 200 300 500 700 
Actual O3 Dose (mg/L) 76 204 151 300 361 515 550 669 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 0.85 0.62 0.65 0.64 0.55 0.56 0.59 0.59 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.6         
Total Alkalinity (mg/L) 530         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 650         
Conductivity (mmhos/cm) 4,100         
Ammonia-nitrogen (mg/L) 7.6 7.9 7.5   7.4 7   
Turbidity (NTU) 1.6         
BOD (mg/L) 71         
COD (mg/L) 380  310 450 350  300 240 250 
TOC (mg/L) 130  110 120 98  69 69 44 
DOC (mg/L)    120 90   52 24 
p-CBSA (mg/L) 0.25 18 1.8 11 0.52 0.18 0.0125 0.18 0.0125 
1,4-Dioxane (µg/L) 16  3.6 9.3 1.5  0.095 0.25 0.045 
NDMA (µg/L) 0.15  0.099 0.13 0.079  0.05 0.033 0.0077 
Chloroform (µg/L) 12   12 12   7.9 7 
cis 1,2-Dichloroethene (µg/L) 4.5   1.3 0.25   0.25 0.25 
Methylene Chloride (µg/L) 0.95   0.67 0.62   0.54 0.34 
Trichloroethene (µg/L) 17   5.5 0.39   0.17 0.25 
Acetone 7.8   17 72   62 52 
Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
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Figure 10-30.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs Y-BB 
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Figure 10-31.  Reactor Effluent Concentrations of Key Contaminants as a Function of 
Applied Ozone for Runs CC-FF 
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Table 10-16 
Summary of Results and Conditions for Runs CC-FF 
 



Run Run CC Run DD Run EE Run FF 
Planned Total H2O2 dose (mg/L) 100 150 250 350 
Actual H2O2 Dose (mg/L) 46 89 3 120 149 206 206 263 
Planned Total O3 dose (mg/L) 200 300 500 700 
Actual O3 Dose (mg/L) 74 206 151 301 354 505 553 703 
Planned Molar Ratio 0.71 0.71 0.71 0.71 
Actual Molar Ratio 0.82 0.61 0.03 0.56 0.59 0.59 0.53 0.53 



Sample Location HiPOx 
Influent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Recycle 
Reactor 
Effluent 



Polishing 
Reactor 
Effluent 



Analyte Results 
pH (s.u.) 7.3         
Total Alkalinity (mg/L) 480         
Hydroxide (mg/L) 1.5         
Carbonate (mg/L) 1.5         
Bicarbonate (mg/L) 590         
Conductivity (mmhos/cm) 4,100         
Ammonia-nitrogen (mg/L) 8.8 8.3 8.6   7.9 7.8   
Turbidity (NTU) 2.5         
BOD (mg/L) 86         
COD (mg/L) 420  500 560 420  410 530 250 
TOC (mg/L) 150  130 150 120  90 85 44 
DOC (mg/L)    140 110   72 24 
p-CBSA (mg/L) 0.99 43 5.8 24 1.9 23 0.11 0.88 0.0125 
1,4-Dioxane (µg/L) 19  7.4 15 3.1  0.3 1.2 0.045 
NDMA (µg/L) 0.25  0.21 0.23 0.19  0.14 0.11 0.0077 
Chloroform (µg/L) 13   10 11   8.4 7.5 
cis 1,2-Dichloroethene (µg/L) 4.2   1.9 0.25   0.25 0.25 
Methylene Chloride (µg/L) 1.6   1.2 0.97   0.77 0.73 
Trichloroethene (µg/L) 17   8.4 1   0.43 0.25 
Acetone 8.6   19 36   44 59 
Note: Non-detect values are shown in red corresponding to ½ of the reportable detection limit (RDL). 
 



10.4.1 Contaminant Destruction Ozone Dose Requirement 
Figures 10-32 and 10-33 show destruction curves 1,4-dioxane and NDMA as a function of 
applied O3 concentration for all 8 days of testing.   The destruction curves indicate an applied 
ozone concentration between 250 and 300 mg/L is required to obtain less than 2 µg/L 1,4-
dioxane and less than 0.1 µg/L NDMA in the effluent of the HiPOx PT reactor. The destruction 
curves indicate that the variability of the influent water only affected the destruction of 1,4-
dioxane and NDMA during Runs Y-BB and CC-FF when the SAAB was intentionally upset and 
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the influent had higher concentrations of TOC, COD, and pCBSA. The minor upset of the SAAB 
prior to Runs M-P only elevated the influent concentrations of turbidity and p-CBSA and had no 
discernible affect on the destruction of 1,4-dioxane and NDMA during those runs. 



Table 10-17 presents the O3 dose required to destroy influent 1,4-dioxane and NDMA to less 
than 2 µg/L and 0.1 µg/L, respectively, during the eight days of testing. The treatment doses 
were estimated using the destruction curves (Figures 10-32 and 10-33). The O3 dose required on 
average to treat the NDMA and 1,4-dioxane to target discharge levels is 250 mg/L ozone. The 
peak O3 dose requirements were approximately 340 mg/L for the 1,4-dioxane on the final day of 
testing.  At that time, the SAAB was purposely upset to simulate upset conditions which might 
occur during operation of the full scale system. The NDMA levels on the final day of testing 
were 30% greater then the average influent.   Also the high levels of TOC and COD from the 
planned SAAB system upset increased the O3 requirement for the NDMA on the final day to 520 
mg/L ozone. The H2O2 requirements range from 0.5 lb per 1.0 lb O3 on normal days and as low 
as 0.4 lb H2O2 per 1.0 lb of O3 during planned upset SAAB conditions. 



The BT results (MWH, 2007) estimated the O3 dose to be between 250 mg/L and 311 mg/L to 
destroy 1,4-dioxane from 20 to < 2 µg/L and  NDMA from 0.21 to < 0.1 µg/L. These results are 
very similar to the results experienced during the HiPOx PT. 
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Figure 10-32.  1,4-Dioxane Destruction Curves for all HiPOx PT Runs 
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Figure 10-33.  NDMA Destruction Curves for all HiPOx PT Runs  
 
Table 10-17 
Summary of Test Dose Requirements 
 



Average Influent Contaminant Concentrations 1,4-Dioxane NDMA 



1,4-Dioxane NDMA COD TOC pCBSA Required O3 
Dose 



Required O3 
Dose 



Test 
Runs 



(µg/L) (µg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
A-C 18 0.19 300 99 < 0.25 240 175 
E-H 21 0.15 300 95 < 0.25 180 235 
I-L 19 0.16 270 85 < 0.25 175 155 



M-P 15 0.17 230 77 5.8 250 200 
Q-T 19 0.21 260 83 < 0.25 175 300 
U-X 20 0.13 280 95 0.59 235 175 



Y-BB 16 0.15 380 130 < 0.50 260 200 
CC-FF 19 0.25 420 150 0.99 340 520 



Average 18.4 0.18 305 102  232 246 
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It should be noted that during all tests the pH of the water dropped as it progressed through the 
treatment process. This pH change was attributed to the formation of carbon dioxide from the 
oxidation of the TOC in the stream.   



10.4.2 HiPOx Treatment of other Contaminants of Concern 
Table 10-18 shows the reductions seen for the volatile organics in the HiPOx , based on the VOC 
results in Tables 15 and 16.  The VOC treatment appears to increase with increasing O3 and 
H2O2 addition, especially for chloroform and methylene chloride, and most of the removal 
occurred in the first reactor.   



Table 10-18  
Contaminant Reduction Efficiencies for Volatile Organics during HiPOx Treatment 



Reduction Efficiency % 



Run Z  Run BB  Run DD  Run FF  Compound 
Reactor 



1 
Reactor 



2 
Reactor 



1 
Reactor 



2 
Reactor 



1 
Reactor 



2 
Reactor 



1 
Reactor 



2 
Chloroform 0 0 34 42 23 15 35 42 



cis 1,2-Dichloroethylene 71 94 95 95 55 94 94 94 



Methylene Chloride 29 35 43 64 25 39 52 52 



Trichloroethylene 68 98 99 95 51 94 97 99 
 



Acetone, a common reaction product during oxidation treatments, appeared to increase in HiPOx 
effluent.  At the low concentration seen (less than 70 µg/L), the biological activity associated 
with the LGAC should be sufficient to degrade the acetone. 



10.4.3 Foaming Observations  
Foaming was a concern raised during the BT. To address this concern during the PT, 4-inch 
diameter by 4 feet tall clear PVC foam separator tanks were installed on the gas vent from each 
of the HiPOx reactor gas/liquid separators to observe any foam carry over.  



Each day when the HiPOx PT system was started, there was some foam carry-over from the first 
reactor. As the system reached steady state, typically the foaming carry-over reduced from very 
little to no carry-over. As the dose of O3 and H2O2 increased, the amount of foam decreased and 
normally after the first test there was no foam carry-over. The second reactor had no foam carry-
over during any of the pilot test runs, indicating that the material causing the foaming was 
reacted in the first reactor.  
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Figure 10-34 shows the carry-over of the foam that was experienced during the pilot test. The 
foam that was present would build from 3” to 12” in the separator tank and then remain constant. 
The foaming experienced during start up may be the result of the contaminants being present at 
high concentration in the reactor during start up, with foaming occurring until they were 
destroyed. 



Figure 10-34. 
HiPOx  Separator Tanks 
 



 



 



During the BT test, a drop of Dow Corning® Antifoam B Emulsion was added during each run 
to stop the foaming. An antifoam injection pump was available during the HiPOx PT to inject 
anti-foaming agent if required.  The pilot test did not require the antifoaming agent because of 
the limited carry-over. The foam that did carry-over was predominately tan in color but ranged 
from white, tan, reddish brown to dark grey on different days. 



10.4.4 Emissions 
Once during the HiPOx portion of the PT, a summa canister sample was obtained from the vapor 
stream outlet of the HiPOx Pilot System.  The low concentrations of acetone (54 ppbv), 2-
butanone (48 ppbv), chloroform (37 ppbv), and TCE (4.3 ppbv) suggest that the mass of VOCs 
from the HiPOx process would be less than 1 mg/day.  Compared to the amount of VOCs 
emitted from the SAAB (0.4 – 3.1 g/day), even if all of the VOC reduction (approximately 75% 
of influent) during the HiPOx process was due to volatilization, the potential VOC emission 
from the HiPOx would be less than 0.075 g/day . 
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10.4.5 Performance Assessment 
During the PT, operation of the HiPOx reactor at O3 and H2O2 addition rates of at least 250 mg/L 
and 125 mg/L, respectively, and HRTs of 4 minutes in the first stage reactor and 1 minute in the 
second stage reactor destroyed the influent 1,4-dioxane and NDMA to less 2 µg/L and 0.1 µg/L, 
respectively. The peak O3 dose requirements were approximately 350 mg/L for the 1,4-dioxane 
when the SAAB was purposely upset to simulate upset conditions which might occur during 
operation of the full scale system.  



Table 10-19 shows the mass balance for the HiPOx process, both during the period where the 
influent to the PT was a composite of treated A-, B-, and C/D-Streams and during the period 
where the influent to the PT was a composite of the treated A- and B-Streams. 



Table 10-19  
Mass Balance for the HiPOx Process 



PT Influent of tA/B/C/D PT Influent of tA/B 



InfluentA Oxidized Volatilized InfluentA Oxidized Volatilized Compound 



(g/day) at 0.65 gpm 
p-CBSA 176  160(90) B 0 292 263(90) 0 



VOCs 0.078 0.047 (60) 0  0.156 0.094 (60) 0 



Perchlorate 0.09 0 0 0.059 0 0 



1,4-Dioxane 0.039 0.034 (89) 0 0.066 0.059 (89) 0 



NDMA 0.00045 0.00018 (41) 0 0.00086 0.00035 (41) 0 
A Influent to HiPOx was the SAAB effluent at a reduced flow 
B  Numbers on parentheses are the % removal 



 



10.5 Liquid-Phase Granular Activated Carbon 
LGAC was able to reduce the concentrations of the VOCs, p-CBSA, perchlorate, and NDMA in 
the FRO effluent to below the laboratory detection levels (Figures 10-35 through 10-38), 
regardless of the variability of these contaminants in the FRO effluent.  The duration between 
change-out of the carbon drums (driven by either plugging by solids carried over from the 
neutralization and precipitation following FRO or mechanical problems with the carbon drums 
themselves) was not sufficient to determine breakthrough of these contaminants through the 
carbon.  



The LGAC treatment was able to affect the 1,4-dioxane concentrations in the FRO’s effluent.  
1,4-dioxane loading on LGAC is considered low and breakthrough of the 1,4-dioxane can be 
seen between change-outs of the LGAC (Figure 10-24; May 12, 2006, October 24, 2006, and 
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February 2, 2007 change-outs).  The 1,4-dioxane loading on the carbon appears to be roughly 1 g 
per 55-gallon drum of carbon before breakthrough occurs.  



10.5.1 Performance Assessment 
During the PT, operation of the LGAC treatment was able to reduce the concentrations of 
NDMA, pCBSA, perchlorate, and VOCs to below their laboratory detection limits.  Since the 
duration between change-out of the carbon drums was not sufficient to determine breakthrough 
of these contaminants through the carbon, the carbon vessel size and frequency of change-out for 
the full-scale LGAC treatment design will have calculated from the contamination levels in the 
FRO effluent. 



Table 10-20 shows the mass balance for the LGAC assuming the FRO effluent was the influent, 
while Table 10-21 shows the mass balance for the LGAC assuming the HiPOx effluent was the 
influent. 
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Figure 10-35.  Effect of the LGAC Treatment on the Concentrations of Chlorobenzene, 1,2-
Dichlorobenzene, and Trichloroethylene 
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Figure 10-36.  Effect of the LGAC Treatment on the Concentrations of Chloroform, 
Ethylbenzene, and Methylene Chloride 
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Figure 10-37.  Effect of the LGAC Treatment on the Concentrations of pCBSA and 
Perchlorate (please note the data for Perchlorate in the FRO Effluent overlaps the data for 
Perchlorate in the LGAC Effluent) 
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Figure 10-38.  Effect of the LGAC Treatment on the Concentrations of 1,4-Dioxane, and 
NDMA 



Table 10-20  
Mass Balance for the LGAC Assuming the FRO Effluent as Influent 



PT Influent of tA/B/C/D PT Influent of tA/B 



InfluentA Removed DischargedB InfluentA Removed DischargedB Compound 



(g/day) at 0.65 gpm 
p-CBSA 88 61(69)C 17 38 36(94) 2 



VOCs 0.071 0.053(75) 0.018  0.062 0.046(75) 0.016 



Perchlorate 0.09 0.81(90)D 0.009 0.059 0.053(90)C 0.006 



1,4-Dioxane 0.022 0.017(78) 0.005 0.018 0.015(84) 0.003 



NDMA 0.00036 0.00031(86) 0.00005 0.00037 0.00036(96) 0.00001 
A Influent to LGAC was the FRO effluent 
B  Estimated discharge values are elevated since non-detect values assumed to be ½ of reportable detection limits 
C  Numbers on parentheses are the % removal 
D Assumed from literature and experience 
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Table 10-21  
Mass Balance for the LGAC Assuming HiPOx Effluent as Influent 



PT Influent of tA/B/C/D PT Influent of tA/B 



InfluentA Removed DischargedB InfluentA Removed DischargedB Compound 



(g/day) at 0.65 gpm 
p-CBSA 16 14(90)C 2 29 26(90) 3 



VOCs 0.031 0.023(75) 0.008  0.062 0.046(75) 0.016 



Perchlorate 0.09 0.081(90)D 0.009 0.059 0.053(90)C 0.006 



1,4-Dioxane 0.005 0.004(78) 0.001 0.007 0.006(84) 0.001 



NDMA 0.00027 0.00023(86) 0.000038 0.00051 0.00049(96) 0.00002 
A Influent to LGAC was the HiPOx effluent 
B  Estimated discharge values are elevated since non-detect values assumed to be ½ of reportable detection limits 
C  Numbers on parentheses are the % removal 
D Assumed from literature and experience  
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11.0 Waste Stream Analysis 



Four waste streams would be produced from the proposed NPTP: 1) biomass from the FBRs; 2) 
iron oxyhydroxide sludge from the FRO neutralization tank; 3) spent LGAC; and spent VGAC.  
The PT produced 3 of these waste streams, as the vapors emitted from the PT equipment were 
not captured in VGAC.  The sections below will summarize the quantities of waste produced and 
the data available on the waste. 



11.1 Sequential Anoxic / Aerobic Biotreatment Biomass 
Biogrowth is required for successful biotreatment.  Constant removal of this biogrowth is 
required to prevent plugging of the FBR, producing a biomass waste stream.   The sampling 
results for the biomass are summarized in Table 11-1. 



Table 11-1  
Biomass Characterization Results 



Date 05/31/2007 06/20/2007 



Location Biosolids 
Recovery Tank 



Biosolids 
Clarifier 



Biosolids 
Recovery Tank 



Biosolids 
Clarifier 



TSS (mg/L) 32,000 6,700 16,000 1,600 



BOD (mg/L) 6,100 1,800 3,400 410 



COD (mg/L) 27,000 9,500 8,500 3,900 



TOC (mg/L) 8.1 390 510 170 



Date 07/09/2007 07/25/2007 



Location Biosolids 
Recovery Tank 



Biosolids 
Clarifier 



Biosolids 
Recovery Tank 



Biosolids 
Clarifier 



TSS (mg/L) 13,000 -- 12,000 11,000 



Total Solids (mg/L) 30,000 -- 5,000 3,600 



Volatile Solids (mg/L) 11,000 -- 3,600 2,600 



BOD (mg/L) 2,200 -- 1,000 2,200 



COD (mg/L) 14,000 -- 9,200 8,300 



TOC (mg/L) 520 140 340 380 
mg/L –milligrams per liter 
 



The TOC results for the biomass samples are anomalous when compared to the other results on 
these samples.  This is probably due to the small bore needle used to remove the subsample for 
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TOC testing at the analytical laboratory.  The small bore likely excluded most of the biomass 
solids from entering the subsample.  Therefore, the TOC reported is likely a dissolved organic 
carbon than a true TOC. 



Periodically, quantities of this biomass waste stream were removed from the biosolids collection 
tank on the aerobic FBR and the bottom of the clarifier following the aerobic FBR.  The 
collected biomass was transferred to 55-gallon drums.  By the end of the PT, three 55-gallon 
drums of biomass were collected.  Clean-out of the biosolids recovery tanks and the biosolids 
clarifier generated another 3 55-gallon drums of collected biomass.  The characterization data for 
biosolids waste sludge is summarized in Table 11-2.    



Table 11-2  
Characterization Results for the Biosolids Waste Sludge and the Filter Cake and Filtrate 
Produced by Dewatering 



Dewatering Run 1 2 3 
Precoat (lb/ft2) -- 0.1 0.1 0.1 
Lime (lb/gal) -- 0.10 0.20 0.25 
Sample Type Untreated 



Biosolid 
Sludge 



Filter 
Cake 



Filtrate Filter 
Cake 



Filtrate Filter 
Cake 



Total Solids 3.0% 20% -- 28% -- 48% 
Total Suspended Solids -- -- 530 mg/L -- 380 mg/L -- 



mg/L –milligrams per liter 
ft2 – square feet 
 



In December 2007, dewatering of the biosolids waste sludge in an existing 5 cubic foot filter 
press was attempted.  The six 55-gallons drums of waste sludge were transferred next to the filter 
press.  Three filter press runs were attempted; each filter press run involving two drums of the 
biosolids waste sludge.  For all runs, the filter clothes were precoated with diatomaceous earth at 
a rate of approximately 0.1 pounds per ft2 of filter cloth.  For each filter press run, the biosludge 
was amended with increasing amount of hydrated lime (ranging from 0.1 to 0.25 pounds per 
gallon of hydrated lime prior) to attempting dewatering.  The properties of the filter cake and 
filtrate from the filter press runs are summarized in Table 11-2.  The filter cake from the first 
filter press run was very sloppy, but became more solid-like for the second and third filter press 
runs  



Dewatering of approximately 330 gallons of biosolids waste sludge would produce on the order 
of 355 pounds of filter cake, if dewatered according to Run 3.  According to the totalizer 
readings on the aerobic FBR, approximately 335,000 gallons of water were processed through 
the aerobic FBR (source of the vast majority of the biomass) from Day 21 through Day 470.  
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Therefore, 275 pounds of biosolid filter cake would be produced per day, assuming a treatment 
rate of 180 gpm through the FBRs.  This filter cake would require off-site disposal as a non-
hazardous waste. 



11.2 Fenton Reagent Oxidation Iron Oxyhydroxide Sludge 
A neutralization step is required following the FRO treatment.  During this neutralization step, 
dissolved metals, primarily iron, precipitate and require removal.  In the PT, this iron 
oxyhydroxide (a general term covering FeOOH, Fe(OH)3, etc) precipitate was flocculated in the 
neutralization, producing a sludge material.  The properties of this sludge material are 
summarized in Table 11-3.   



Table 11-3  
Iron Oxyhydroxide Sludge Characterization Results 



Date Sampling Interval Total Solids 
(%) 



Volatile Solids     
(% of total solids) 



Total Fe  
(mg/L) 



05/03/2007 Total sludge column 2.7 7.9 1,300 



Total sludge column 0.97 26 2,800 
05/09/2007 



Bottom 6 inches of sludge 5.2 28 9,900 



Total sludge column 2.6 28 6,500 



Bottom 6 inches of sludge 1.2 28 7,700 



Total sludge column  2.7 29 5,600 
05/16/2007 



Bottom 6 inches of sludge 4.9 26 14,000 
mg/L –milligrams per liter 
 



Periodically, portions of the settled iron oxyhydroxide sludge material were transferred from the 
neutralization tank into 55-gallon storage drums.  The clear supernatant was removed from the 
drums and transferred to the PTP sump.  In late October of 2006 following an upset in the 
aerobic FBR, all of the settled iron oxyhydroxide sludge was removed from the neutralization 
tank into six 55-gallon storage drums.  At the end the FRO portion of the PT (Day 301, June 1, 
2007), all of the settled iron oxyhydroxide sludge was removed from the neutralization tank into 
six 55-gallon storage drums.  The clear supernatant in these drums was transferred to the PTP 
sump and the sludge consolidated.  The characterization data for consolidated iron oxyhydroxide 
waste sludge is summarized in Table 11-4.    
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Table 11-4  
Characterization Results for the Settled Iron Oxyhydroxide Sludge and the Filter Cake and 
Filtrate Produced by Dewatering 



Sample Type Sludge Filter Cake Filtrate 
Density 1.1 g/mL 1.2 g/mL 1.2 g/mL   



Total Solids  7.3% 29% 32%   



Total Suspended Solids 5.6%   230 mg/L 240 mg/L 



Total Dissolved Solids    2,400 mg/L 2,300 mg/L 



pCBSA <100 mg/L   11 mg/L <10 mg/L 



Perchlorate <100 µg/L   <40 µg/L <40 µg/L 



1,4-Dioxane <0.55 mg/kg   2.7 µg/L 2.7 µg/L 



NDMA <0.014 mg/kg   0.014 µg/L 0.025 µg/L 
 



In November 2006 and August 2007, dewatering of the iron oxyhydroxide waste sludge in an 
existing 5 cubic foot filter press was attempted.  In November 2006, four 55-gallons drums of 
waste sludge were transferred next to the filter press and sludge was pumped into the filter press.  
The sludge blinded the filter press cloths and liquid/solid separation did not occur.  The sludge 
was solidified with lime and disposed of off-site with other filter cake produced by the PTP.  In 
August 2007, the four 55-gallons drums of waste sludge collected since November 2006, 
containing roughly 180 gallons of sludge, were transferred next to the filter press.  The reduction 
in the number of drums was due to the removal of clear supernatant from the drums since early 
June 2007.  The sludge was amended with 0.2 pounds per gallon of hydrated lime prior to 
attempting dewatering.  For the first two runs, the filter clothes were precoated with 
diatomaceous earth at a rate of approximately 0.1 pounds per ft2 of filter cloth.  For the last two 
runs, no precoat was used.  The amended sludge was pumped into the filter press and a filter 
cake and a filtrate was produced.  The properties of the filter cake and filtrate from the first two 
filter press runs are summarized in Table 11-4. 



Dewatering of approximately 180 gallons of iron oxyhydroxide produced on the order of 470 
pounds of filter cake.  According to the aerobic FBR totalizer, approximately 70,000 gallons 
water were processed through aerobic from late November 2006 through the end of May 2007 
and this water would have been treated by the FRO portion of the PT.  Therefore, 1,740 pounds 
of iron oxyhydroxide filter cake would be produced per day, assuming a treatment rate of 180 
gpm through the FRO.  This filter cake would require off-site disposal as a non-hazardous waste. 
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11.3 Spent Liquid-Phase Granular Activated Carbon 
Through April of 2007, the 55-gallon container of LGAC at the end of the PT equipment was 
replaced 6 times.  These replacements occurred not because of contaminant breakthrough but 
because of the build-up of iron oxyhydroxide sludge, carried over from the neutralization tank.  
The build-up of the iron oxyhydroxide sludge on the surface of the carbon restricted flow into the 
carbon and produced a back pressure on the carbon vessel.  Based on the level of contaminants in 
the effluent from the neutralization tank and loading rates of those contaminants on LGAC, 11.7 
pounds of LGAC would be spent per day, assuming a treatment rate of 180 gpm and a 75% 
loading efficiency (Table 11-5).  This spent LGAC would need to be disposed of as a non-
hazardous waste. 



Table 11-5  
Spent LGAC Generation 



Compound Average 
Concentration 



(µg/L)A 



Average 
Concentration 



(g/day)B 



Average Carbon 
Usage (lb/day)B 



NDMA 0.099 0.097 0.057 



1,2-Dichlorobenzene 0.91 0.898 0.628 



1,4-Dichlorobenzene 0.97 0.954 0.023 



Chlorobenzene 1.18 1.160 0.359 



Chloroform 10.0 9.850 1.07 



Ethylbenzene 0.93 0.915 0.009 



Methylene Chloride 4.14 4.060 9.19 



Tetrachloroethylene 0.90 0.881 0.086 



Trichloroethylene 1.23 1.210 0.127 
AFrom Sample Point SP-4 
BAssumed treatment rate of 180 gpm and 75% loading efficiency 
µg/L – micrograms per liter 



 
11.4 Spent Vapor Phase Granular Activated Carbon 
Though VGAC was not tested during the PT, vapor emissions from the PT equipment were 
sampled during the PT.   Based on these results and the loading rates of those contaminants on 
VGAC, 0.29 pounds of VGAC would be spent per day, assuming a treatment rate of 180 gpm 
(Table 11-6).  This spent LGAC would need to be disposed of as a non-hazardous waste. 
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Table 11-6  
Spent VGAC Generation  



Compound Average 
Concentration 



(ppbv)A 



Average 
Concentration 



(lb/day)B 



Average Carbon 
Usage (lb/day)B 



Acetone 236 3.3x10-5 0.065 



Benzene 2.8 5.2x10-7 <0.01 



cis 1,2-Dichloroethylene 6.0 1.4x10-6 <0.01 



Chlorobenzene 54.4 1.5x10-5 <0.01 



Chloroform 262 7.5x10-5 0.015 



Methylene Chloride 92 1.9x10-5 <0.01 



Naphthalene 0.9 2.8x10-7 <0.01 



Toluene 3.5 7.7x10-7 <0.01 



Trichloroethylene 299 9.3x10-5 <0.01 



Xylene 3.4 8.5x10-7 <0.01 



Vinyl chloride 4.4 6.5x10-7 0.065 



1,1,1-Trichloroethane 2.5 8.0x10-7 <0.01 



2-Butanone 2.4 1.4x10-4 0.14 



2-Methyl-4-Pentanone 798 5.7x10-7 <0.01 
A From Sample Point SP-6 
B Assumed treatment rate of 180 gpm 
ppbv – parts per billion by volume 
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12.0 Uncertainties Remaining 



With the conclusion of the PT, the uncertainties remaining center around the treatment of 1,4-
dioxane.  



12.1 Potential for 1,4-Dioxane Biodegradation 
Decreases in the 1,4-dioxane concentrations through the SAAB treatment process suggest that 
that 1,4-dioxane may be degraded in that process (Figure 10-4), specifically in the aerobic FBR.  
Micro-organisms that grow on methane, morpholine, THF, propane, and toluene have been 
shown to be able to oxidize 1,4-dioxane (Vainberg et al., 2006).  THF was routinely identified as 
a TIC in the aerobic FBR effluent (SP-3), though not in the PT influent feed (SP-1) or the anoxic 
FBR effluent (SP-2).  THF is not commonly a breakdown product for the aerobic biodegradation 
of other organic compounds.  The potential presence of THF in the aerobic FBR may stimulate 
microorganisms to co-metabolize 1,4-dioxane, resulting in the reduction seen for 1,4-dioxane in 
the aerobic FBR.   



Attempts to isolate and culture the 1,4-dioxane degrading micro-organisms from the carbon and 
biomass of the aerobic FBR were unsuccessful (Shaw, 2007b).  Cultures of the 1,4-dioxane 
degraders are known to grow slowly  in the laboratory and are hard to maintain.  Therefore, 
growth and development of the 1,4-dioxane degraders would be difficult under field conditions.  
However, the possibility remains that 1,4-dioxane degrading micro-organisms may establish 
themselves in the aerobic FBR over time during full-scale SAAB treatment.  If this were to 
occur, the need for an oxidation treatment process following the SAAB treatment would be 
eliminated as NDMA could be polished by LGAC, simplifying NPTP treatment process.     



12.2 Oxidation Treatment 
As shown in Section 10.3, the oxidation of 1,4-dioxane and NDMA  in the FRO treatment 
process was highly variable.  Though some of that variability may have been due to the presence 
of p-CBSA in the effluent from the aerobic FBR (SP-3) (which is the feed to the FRO), high 
H2O2 addition rates (0.002 gpm of 50% H2O2 solution per gpm of SAAB effluent) and long 
HRTs (up to 4 hours) would be required to achieve 90% reduction of 1,4-dioxane and NDMA in 
the FRO treatment process.   



The HiPOx PT results (Section 10.4) indicate that the HiPOx treatment could achieve >90% 
reduction of 1,4-dioxane and NDMA with moderate O3 and H2O2 addition rates.  The HiPOx 
process appears robust and able to handle upset conditions of the SAAB, but the PT was 
sufficiently long to adequately verify this.  The HiPOx process should be the selected oxidation 
process for the design of the NPTP, though only limited PT data is available on its robustness. 
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13.0 Scale-up of the Sequential Anoxic / Aerobic Biotreatment, Fenton 
Reagent Oxidation, and HiPOx Processes 



The PT results and treatment knowledge and expertise were used to scale up of the SAAB, FRO, 
and HiPOx Treatment Systems under two scenarios.  In the first scenario, the influent flow will 
be 180 gpm and will consist of a combination of the treated A-Stream (air-stripped and treated 
by the PRS and MRS to remove pesticides and metals) with the B- and C/D-Streams.  In the 
second scenario, the influent flow will be 90 gpm and will consist of a combination of the treated 
A-Stream (air-stripped and treated by the PRS and MRS to remove pesticides and metals) with 
the B-Stream, in the event that other treatment/re-use options are considered for the C/D-
Streams.  Since the treated A-Stream and B-Stream have a majority of the perchlorate, p-CBSA, 
TOC, BOD, and COD, the contaminant loadings would be higher in the second scenario and this 
scenario will not just be ½ of the first scenario. 



13.1 Sequential Anoxic / Aerobic Biotreatment Scale Up 
The full-scale SAAB scale up incorporated the HRT, the carbon source, nutrient, and caustic 
addition, and the biomass production information garnered from the PT, along with historical 
experience with FBR operation.  Table 13-1 illustrates the relationship between the PT results 
and the SAAB scale up criteria. 



The full-scale SAAB Treatment System would a single-train used to reduce VOCs, SVOC, 
perchlorate, and p-CBSA and remove and dewater the biomass from the effluent.  For the two 
scenarios, the only difference in SAAB scale up is the size of the equipment.  Figure 13-1 shows 
the process flow diagram for the SAAB Treatment System for Scenario 1. 



The full-scale SAAB system would consist of the following components: 



• FBR feed tanks 
• Steam generator to provide heat to the anoxic FBR  
• FBR feed and fluidization pumps 
• Anoxic and aerobic FBRs 
• Oxygen generating system  
• Chemical feed systems and tanks  
• Biosolids flocculation tank with mixer 
• Dissolved air flotation system 
• Sand filter 
• Biosolids thickener tank and pumps 
• Biosolids filter presses, bins, and water recovery tank and pumps 
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Table 13-1  
Relationship between PT Information and Scale Up Criteria for the SAAB Treatment 



Parameter PT Results SAAB Scale-up Reason for Adjustment 
Anoxic FBR  
Dry Urea Feed Rate 0.069 – 0.086 lbs per 1,000 



gallons influent 
0.15 lbs per1,000 gallons 
influent 



Increased for safety factor 



Phosphoric Acid (75%) 
Feed Rate 



0.0048 – 0.0065 gallon per 
1,000 gallons influent 



0.011 gallons per 1,000 gallons 
influent 



Increased for safety factor 



Lactic Acid (88%) Feed 
Rate 



0.058 – 0.096 gallon per 
1,000 gallons influent 



0.093 gallons per 1,000 gallons 
influent 



No significant adjustment made 



HRT 2.3 hours based on 
observed expanded bed 
height with biogrowth 



2.3 hours based on  expanded 
bed height with biogrowth 



No significant adjustment made 



Recycle Plus Feed 
Rate (i.e., Column 
Influent Rate) 



8.0 gpm per ft2 of cross-
sectional area 



12.5 gpm per ft2 of cross-
sectional area 



Smaller carbon specification used for PT; a larger 
carbon specification would likely be used for the 
full-scale SAAB 



Temperature Ambient 35 degrees Celsius (°C) Better and more consistent performance at higher 
temperatures 



Aerobic FBR 
Oxygen Addition Rate 5-7 pounds per 1,000 



gallons (estimated from 
oxygen cylinder usage) 



4.5 lbs per 1,000 gallons 
influent for Scenario 1 and 5.5 
lb per 1,000 gallons influent for 
Scenario 2 



Rate based on expected influent TOC for 
Scenario and measured BOD/TOC ratio plus 
25% excess 



Caustic (50%) Addition 
Rate  



0.074 gallons per 1,000 
gallons treated 



0.096 gallons per 1,000 gallons Increased for safety factor 



HRT 1.65 – 1.98 hours based on 
expanded bed height with 
biogrowth 



1.65 hours for Scenario 1 and 
2 hours for Scenario 2t 



Longer HRT used for Scenario 2 when only 
treated A-Stream and B-Stream involved 



Recycle Rate 9.4 gpm per ft2 of cross-
sectional area 



12.5 gpm per ft2 of cross-
sectional area 



Smaller carbon specification used for PT; a larger 
carbon specification would likely be used for the 
full-scale SAAB 



Temperature Ambient 35°C Better and more consistent performance at higher 
temperatures 



Biosolids Management  
Biosolids Production 1 gallon per 1,000 gallons 



treated 
1.75 gallon per 1,000 gallons 
treated 



Increased for lower biosolids solids content and 
expected solids in feed water and filter press 
return. 



Biosolids Solids 
Content 



3% 2% Experience with clarifier underflow from similar 
operations 



Polymer -- 0.027 gallons per 1,000 gallons 
treated 



Ferric Chloride (32%) 
Usage (Coagulant) 



-- 1.25 lbs/1,000 gallons treated 



Lime Usage 0.25 lbs per 1,000 gallons 
treated 



0.3 lbs per 1,000 gallons 
treated 



Previous experience with similar systems; 
however, dosages must be determined on a 
case-by-case basis 



Dewatered Biosolids 
Production 



1.06 lbs per 1,000 gallons 
treated  



6.6 lbs per 1,000 gallons 
treated 



Additional solids from polymer and coagulant not 
added during PT, lower expected filter cake 
solids content at the full-scale, and greater solids 
recovery at the full scale due to addition of sand 
filter  



Dewatered Filter Cake 
Solids Content 



48% 20% Previous experience with similar systems; 
however, filter cake solids content varies on a 
case-by-case basis 



VOC Control 
VGAC Usage  0.001 lbs per 1,000 gallons 



treated 
0.01 lb per 1,000 gallons 
treated 



More conservative consumption rate because 
vapor moisture content expected to be higher for 
the full-scale system because anoxic FBR will be 
heated 
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The clarified A-Stream, along with the B-Stream and C/D-Streams would be held in the FBR 
Feed Tanks. The four FBR feed tanks would be sized to hold 1 days treatment capacity (207,360 
gallons for Scenario 1 or 103,680 gallons at Scenario 2) and would feed the Anoxic FBR. Feed 
from these tanks would be pumped into the Anoxic FBR recycle loop along with electron donor, 
nutrients, and, as necessary for pH control, caustic.  For Scenario 1, the Anoxic FBR would have 
a capacity of 42,240 gallons and allow an expanded bed plus biogrowth volume of up to 20,000 
gallons.  An expanded bed plus biogrowth volume of roughly 12,500 gallons would be required 
for the 2.3-hour HRT determined in the PT.  For Scenario 2, the Anoxic FBR would have a 
capacity of 22,000 gallons and allow an expanded bed plus biogrowth volume of up to 10,000 
gallons.  An expanded bed plus biogrowth volume of roughly 6,300 gallons would be required 
for the 2.3-hour HRT determined in the PT.  This expanded bed plus biogrowth volume would be 
maintained by the fluidization flow velocity (12.5 gpm/ft2) provided by two fluidization pumps 
(2,500 gpm each for Scenario 1 or 1,300 gpm each for Scenario 2) associated with the Anoxic 
FBR.  A steam generator (3.6 MBTU/hr for Scenario 1 or 1.8 MBTU/hr for Scenario 2) would be 
utilized to maintain the anoxic FBR at 35º C.  Though the Anoxic FBR was not heated during the 
PT, the consistency in performance provided by the elevated temperature was considered 
warranted for the full-scale. 



 The overflow from the Anoxic FBR would flow through the oxygenator to increase the DO 
content of the flow.   The oxygen generator (210 cubic feet per minute [cfm] for Scenario 1 or 
160 cfm for Scenario 2) will supply the oxygen.  A cost comparison between liquid oxygen 
(LOX) delivery and oxygen generation indicated that it would be more cost-effective to generate 
the large volume of oxygen on-site.  However, if the HiPOx treatment requires LOX, this choice 
may be re-evaluated. From the oxygenator, the flow would be pumped into the Aerobic FBR 
recycle loop along with caustic, as necessary for pH control.   



For Scenario 1, the Aerobic FBR would have a capacity of 36,120 gallons and allow an 
expanded bed plus biogrowth volume of up to 15,000 gallons.  An expanded bed plus biogrowth 
volume of roughly 9,000 gallons would be required for the 1.65-hour HRT determined in the PT 
for the combined treated A-Steam and the B- and C/D-Streams.  For Scenario 2, the Aerobic 
FBR would have a capacity of 28,000 gallons and allow an expanded bed plus biogrowth volume 
of up to 14,000 gallons.  An expanded bed plus biogrowth volume of roughly 11,000 gallons 
would be required for the 2.0-hour HRT determined in the PT for the combined treated A-Stream 
and B-Stream.  This expanded bed plus biogrowth volume would be maintained by the 
fluidization flow velocity (12.5 gpm/ft2) provided by the two fluidization pumps (2,500 gpm 
each for Scenario 1 or 2,000 gpm each for Scenario 2) associated with the anoxic FBR. 
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Figure 13-1  
Process Flow Diagram for the SAAB Treatment System
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Though the PT utilized quiescent settling for the separation of biosolids from overflow from the 
Aerobic FBR, scale-up of the SAAB included a more traditional approach in the event that 
quiescent settling would not be sufficient to remove biosolids prior to the AOP treatment.  The 
overflow from the Aerobic FBR would flow to the Biosolids Separation Tank (35,000 gallons for 
Scenario 1 or 28,000 gpm for Scenario 2) which were sized to handle full fluidization flow from 
the aerobic FBR and essentially the same fluidization velocity (12.5 gpm per ft2).  The pattern of 
flow in the tanks is such that at this velocity, the carbon will not flow out of the tank because the 
carbon gets stuck in a stagnant zone and sinks to the bottom of the cone. 



The overflow from the Biosolids Separation Tank would flow to the dissolved air flotation 
(DAF) unit to collect and concentrate the biomass.  The effluent from the DAF unit would flow 
into the DAF Effluent Tank and through a Sand Filter to remove suspended biosolids.  The Sand 
Filter effluent would flow to AOP Feed Tank (10,000 gallon for Scenario 1 or 5,000 gallon for 
Scenario 2), primarily to serve as flow equalization to the AOP process.  The DAF solids would 
be thickened in the Biosolids Thickener Tank, (sized to hold 1 months biosolids slurry) 
conditioned with lime and polymer in the Biosolids Conditioning Tank, and dewatered in the 
Biosolids Filter Press. 



Vapor treatment of the off-gas from the SAAB Treatment System will be achieved using vapor 
phase carbon.  The VGAC usage would be based on having all of the VOCs in the SAAB 
influent volatilized.  Even with that significantly increased volatilization as compared to the PT 
off-gas data, the concentration of VOCs from the SAAB offgas would not be high enough to 
warrant consideration of a biofilter.   



The estimated costs (capital and O&M) for the SAAB Treatment System under each scenario are 
included in Appendix E and are summarized in Tables 13-2 and 13-3.  These tables list the 
rough-order-of-magnitude (ROM) capital, labor, consumables (sodium hydroxide, electron 
donor, nutrients), and utility costs associated with the SAAB treatment.   
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Table 13-2  
Rough-Order-of-Magnitude Costs for the SAAB Treatment under Scenario 1 
Basis Value Unit
Flow Rate 180 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 1,513,728,000        gal



Labor Rate $45 $/hr
Level of Effort 22 hr/day



Electric Power Usage 0.11$      $/kW-hr 0.00859 kW-hr/gal
Natural Gas $4.30 $/mmBTU 0.001250 mmBTU/gal
Air $0.11 $/kWh 0.0052427 kW-hr/gal
Urea (dry) $0.34 $/pounds 0.0001469 lbs/gal
Phosphoric Acid $0.53 $/gallon 0.0000106 gal/gal
Electron Donor $14.34 $/gallons 0.0000930 gal/gal
Ferric Chloride (34%, wt) $0.25 $/pounds 0.0012473 lbs/gal
Caustic (50%, wt) $1.50 $/gallon 0.0000962 gal/gal
Polymer $1.38 $/pounds 0.0000275 lbs/gal
VGAC $1.30 $/pounds 0.0000127 lbs/gal
Lime $206.46 $/ton 0.0000002 ton/gal
Biomass Filter Cake Disposal $244.00 $/ton 0.0000033 ton/gal



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
Tanks 1,618,400$             
Pumps 211,300$                
Mixers 20,700$                  
Blowers/Filters 125,200$                
Miscellaneous 934,700$                



Total Capital Cost 2,910,300$             



Total Installed Cost (Total Capital plus Total 
Installation) 15,469,000$           $10.22



Operating Labor $359,200 $4.75



Consumables
Annualized Cost of Chemicals 146,600$               
Annualized Cost of Filter Cake Disposal 60,600$                 



Total Consumables (annually) 207,200$                $2.74



Equipment
Annualized Cost of Equipment Replacement 30,430$                  



Total Equipment Replacement (annually) 30,430$                  $0.40



Indirect Operating Costs 154,700$                
Maintenance Labor 309,400$                
Maintenance Materials 309,400$                
Payroll and Plant Overhead 586,800$                



Indirect Operating Costs 1,360,300$             $17.97



Utilities (Annual Energy Cost) 527,100$                $6.96



Annual O&M: $2,453,800 $32.82



SAAB Costs ($/1,000 gallon) $43.04  
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Table 13-3  
Rough-Order-of-Magnitude Costs for the SAAB Treatment under Scenario 2 
Basis Value Unit
Flow Rate 90 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 756,864,000           gal



Labor Rate $45 $/hr
Level of Effort 22 hr/day



Electric Power Usage 0.11$      $/kW-hr 0.01570 kW-hr/gal
Natural Gas $4.30 $/mmBTU 0.001250 mmBTU/gal
Air $0.11 $/kWh 0.0069127 kW-hr/gal
Urea (dry) $0.34 $/pounds 0.0001839 lbs/gal
Phosphoric Acid $0.53 $/gallon 0.0000131 gal/gal
Electron Donor $14.34 $/gallons 0.0000930 gal/gal
Ferric Chloride (34%, wt) $0.25 $/pounds 0.0012473 lbs/gal
Caustic (50%, wt) $1.50 $/gallon 0.0001543 gal/gal
Polymer $1.38 $/pounds 0.0000275 lbs/gal
VGAC $1.30 $/pounds 0.0000127 lbs/gal
Lime $206.46 $/ton 0.0000002 ton/gal
Biomass Filter Cake Disposal $244.00 $/ton 0.0000043 ton/gal



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
Tanks 1,230,400$             
Pumps 156,000$                
Mixers 20,700$                  
Blowers/Filters 94,500$                  
Miscellaneous 763,800$                



Total Capital Cost 2,265,400$             



Total Installed Cost (Total Capital plus Total 
Installation) 12,044,000$           $15.91



Operating Labor $359,200 $9.49



Consumables
Annualized Cost of Chemicals 77,600$                 
Annualized Cost of Filter Cake Disposal 40,100$                 



Total Consumables (annually) 117,700$                $3.11



Equipment
Annualized Cost of Equipment Replacement 23,800$                  



Total Equipment Replacement (annually) 23,800$                  $0.63



Indirect Operating Costs 120,500$                
Maintenance Labor 240,900$                
Maintenance Materials 240,900$                
Payroll and Plant Overhead 504,600$                



Indirect Operating Costs 1,106,900$             $29.25



Utilities (Annual Energy Cost) 301,700$                $7.97



Annual O&M: $1,885,500 $50.45



SAAB Costs ($/1,000 gallon) $66.37
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13.2  Fenton Reagent Oxidation FRO Scale Up 
The FRO system reduces 1,4-dioxane, NDMA, and other organics from the biological treatment 
effluent.  The full-scale FRO scale up incorporated the HRT, the H2O2, FeCl2, hydrochloric acid, 
and caustic addition, and the iron sludge production information garnered from the PT, along 
with historical experience with FRO operation.  Table 13-4 illustrates the relationship between 
the PT results and the FRO scale up criteria.   



Table 13-4  
Relationship between PT Information and Scale Up Criteria for the FRO Treatment 



Parameter PT Results FRO Scale-up Reason for Adjustment 
Hydrogen Peroxide (50%) 
Feed Rate 



1 gallons per 1,000 gallons 
treated 



2.0 gallon/1,000 gallons 
influent 



Increased to ensure sufficient 
oxidant capacity; safety factor 



Hydrochloric Acid (21%) 
Feed Rate 



1.8 gallon per 1,000 
gallons influent 



1.86 gallons per 1,000 
gallons influent 



No significant adjustment made 



Ferrous Chloride (28%) Feed 
Rate 



0.6 gallon per 1,000 
gallons influent 



0.64 gallons per 1,000 
gallons influent 



No significant adjustment made 



HRT 1 - 4 hours 4 hours Used most conservative 
Iron Floc Management  
Caustic (50%) 1 gallon per 1,000 gallons 



treated 
1.1 gallons per 1,000 
gallons 



No significant adjustment made 



Polymer 0.025 gallons per 1,000 
gallons treated 



0.027 gallons per 1,000 
gallons treated 



No significant adjustment made 



Iron Floc Management 
Iron Floc Production 2.6 gallons per 1,000 



gallons treated 
3.0 gallons per 1,000 
gallons treated 



No significant adjustment made 



Iron Floc Solids Content 7.3% 6.5% No significant adjustment made 
Lime Usage 0.25 lbs per 1,000 gallons 



treated 
0.32 lbs per 1,000 
gallons treated 



Increased for safety factor 



Dewatered Floc Production 6.7 lbs per 1,000 gallons 
treated  



6.7 lbs per 1,000 gallons 
treated 



No significant adjustment made 



Dewatered Floc Solids 
Content 



30% 30%  No significant adjustment made 



VOC Control 
VGAC Usage  0.001 lb per1,000 gallons 



treated 
0.012 lb per 1,000 
gallons 



Increased to ensure no release; 
safety factor 



 
 



Figure 13-2 shows the process flow diagram for the FRO Treatment System for Scenario 1.  For 
the two scenarios, the only difference in FRO scale up is the size of the equipment.  The FRO 
Treatment System would consist of a series of eight (Scenario 2) or sixteen (two series of 8, 
Scenario 1) 3,000 gallon fiberglass FRO reaction tanks with mixers, to provide the 4-hour HRT 
identified during the PT.  The use of multiple commercially available fiberglass tanks was more 
cost effective than fewer, larger, specially designed and manufactured fiberglass tanks or 
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Figure 13-2  
Process Flow Diagram for the FRO Treatment System 
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stainless steel tanks, even with the cost of the additional mixers included.  The H2O2, HCl, and 
FeCl2 would be added to the initial FRO reaction tanks.  The flow through the initial reaction 
tanks in the series would overflow down through the rest of the reaction tanks in the series.  
From the final FRO reaction tank, the flow would enter one (Scenario 2) or two (Scenario 1) 
2,000 gallon neutralization tanks where caustic solution will be added to increase the pH to near 
7, followed by a clarifier where polymer will be added to precipitate/flocculate the iron 
oxyhydroxide floc.  Clarified effluent would be discharged to an AOP effluent storage tank.  The 
settled solids would be transferred to a sludge thickener and filter press to produce a filter cake 
for disposal. 



Vapor treatment of the off-gas from the FRO Treatment System will be achieved using vapor 
phase carbon.  The VGAC usage would be based on having all of the VOCs in the SAAB 
influent volatilized.  Even with that significantly increased volatilization as compared to the PT 
off-gas data, the concentration of VOCs from the FRO offgas would not be high enough to 
warrant consideration of a biofilter.   



The estimated costs (capital and O&M) for the FRO Treatment System under each scenario are 
included in Appendix E and are summarized in Table 13-5 and 13-6.  These tables list the rough-
order-of-magnitude (ROM) capital, labor, consumables (H2O2, FeCl2, hydrochloric acid, and 
caustic), and utility costs associated with the FRO treatment.   
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Table 13-5  
Rough-Order-of-Magnitude Costs for the FRO Treatment under Scenario 1 
Basis Value Unit
Flow Rate 180 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 1,513,728,000        gal



Labor Rate $45 $/hr
Level of Effort 7 hr/day



Electric Power Usage 0.11$      $/kW-hr 0.00233 kW-hr/gal
Ferric Chloride (34%, wt) $0.25 $/pounds 0.0074729 lbs/gal
Hydrochloric Acid (21%, wt) $0.09 $/pounds 0.0170704 gal/gal
Hydrogen Peroxide (50%, wt) $0.44 $/pounds 0.0199983 gal/gal
VGAC $1.30 lbs 0.0000127 lbs/gal
Caustic (50%, wt) $1.50 $/gallon 0.0011111 gal/gal
Lime $206.46 $/ton 0.0000002 lbs/gal
Filter Cake Disposal $244.00 $/ton 0.0000127 lbs/gal



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
Tanks 398,100$                
Pumps 152,100$                
Mixers 279,000$                
Blowers/Filters 10,000$                  
Miscellaneous 410,000$                



Total Capital Cost 1,249,200$             



Total Installed Cost (Total Capital plus Total 
Installation) 6,640,000$             $4.39



Operating Labor $114,300 $1.51



Consumables
Annualized Cost of Chemicals 1,052,200$            
Annualized Cost of Filter Cake Disposal 234,300$               



Total Consumables (annually) 1,286,500$             $17.00



Equipment
Annualized Cost of Equipment Replacement 26,380$                  



Total Equipment Replacement (annually) 26,380$                  $0.35



Indirect Operating Costs 66,400$                  
Maintenance Labor 132,800$                
Maintenance Materials 132,800$                
Payroll and Plant Overhead 228,000$                



Indirect Operating Costs 560,000$                $7.40



Utilities (Annual Energy Cost) 20,200$                  $0.27



Annual O&M: $1,981,000 $26.52



FRO Costs ($/1,000 gallon) $30.91  
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Table 13-6  
Rough-Order-of-Magnitude Costs for the FRO Treatment under Scenario 2 



Basis Value Unit
Flow Rate 90 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 756,864,000           gal



Labor Rate $45 $/hr
Level of Effort 7 hr/day



Electric Power Usage 0.11$      $/kW-hr 0.0032555 kW-hr/gal
Ferric Chloride (34%, wt) $0.25 $/pounds 0.0074729 lbs/gal
Hydrochloric Acid (21%, wt) $0.09 $/pounds 0.0170704 gal/gal
Hydrogen Peroxide (50%, wt) $0.44 $/pounds 0.0199983 gal/gal
VGAC $1.30 lbs 0.0000127 lbs/gal
Caustic (50%, wt) $1.50 $/gallon 0.0011111 gal/gal
Lime $206.46 $/ton 0.0000002 lbs/gal
Filter Cake Disposal $244.00 $/ton 0.0000033 lbs/gal



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
Tanks 263,700$                
Pumps 88,200$                  
Mixers 139,500$                
Blowers/Filters 5,000$                    
Miscellaneous 205,000$                



Total Capital Cost 701,400$                



Total Installed Cost (Total Capital plus Total 
Installation) 3,731,000$             $4.93



Operating Labor $114,300 $3.02



Consumables
Annualized Cost of Chemicals 526,100$               
Annualized Cost of Filter Cake Disposal 30,300$                 



Total Consumables (annually) 556,400$                $14.70



Equipment
Annualized Cost of Equipment Replacement 26,380$                  



Total Equipment Replacement (annually) 26,380$                  $0.70



Indirect Operating Costs 37,400$                  
Maintenance Labor 74,700$                  
Maintenance Materials 74,700$                  
Payroll and Plant Overhead 158,300$                



Indirect Operating Costs 345,100$                $9.12



Utilities (Annual Energy Cost) 14,200$                  $0.38



Annual O&M: $1,030,000 $27.91



FRO Costs ($/1,000 gallon) $32.84  
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13.3 HiPOx Scale Up 
The HiPOx system reduces 1,4-dioxane, NDMA, and other organics from the biological 
treatment effluent.  The full-scale HiPOx scale up incorporated the HRT and H2O2 and ozone 
addition information garnered from the PT, along with historical experience with HiPOx 
operation.  Table 13-7 illustrates the relationship between the PT results and the HiPOx scale up 
criteria.   



Table 13-7  
Relationship between PT Information and Scale Up Criteria for the HiPOx Treatment 



Parameter PT Results HiPOx Scale-up Reason for Adjustment 
Reactor 1 Hydrogen Peroxide 
Feed Rate 



62.5 mg/L 62.5 mg/l to 100 mg/l No significant adjustment made 



Reactor 1 Ozone Feed Rate 125 mg/L nominal, 175 
mg/L max 



125 mg/L nominal to 200 
mg/L max 



No significant adjustment made 



Reactor 1 Volume  9.33 gallon per gallon of 
influent 



0.85 gallon per gallon of 
influent 



The high recycle rate of the pilot 
system was used to provide the 
large ozone doses required, causing 
an overstated HRT during the pilot 
test. 



Reactor 1 Recycle Rate  9.13 gpm per gpm influent 0 to 0.3 gpm per gpm 
influent 



The ozone doses of the full scale 
system do not require a large 
recycle. 



Reactor 1 HRT 9.1 minutes 0.67 minutes The high recycle rate is not required  
Reactor 2 Hydrogen Peroxide 
Feed Rate 



62.5 mg/L 62.5 mg/L No significant adjustment made 



Reactor 2 Ozone Feed Rate 125 mg/L nominal, 175 
mg/L max 



125 mg/l nominal, 150 
mg/L max  



No significant adjustment made 



Reactor 2 Volume  6.1 gallons per gallon of 
influent 



0.5 gallons per gallon of 
influent. 



No significant adjustment made 



Reactor 2 HRT 6.1 minutes 0.7 minutes The separator tank of the pilot 
system was sized for a much higher 
flow, causing overstated HRT during 
the pilot test  



 



Figure 13-3 shows the process flow diagram for the HiPOx Treatment System for Scenario 1.  
For the two scenarios, the only difference in HiPOx scale up is the size of the equipment.  The 
HiPOx Treatment System would consist of two 8 feet by 40 feet skids containing the reaction, 
control, and ozone generation systems, effluent tank, and LOX storage tank.  The HiPOx reactor 
system would consist of dual reactors.  The influent flow would be pumped into the first stage 
reactor, combining with the H2O2 solution as it enters.   



O3 would also be added to the first stage reactor from the ozone generator, feed by LOX tanks.  
LOX tanks are preferred as there are no moving parts and changes in flow requirements can be 
easily accommodated.  The onsite oxygen generation using pressure swing adsorption or vacuum  
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Figure 13-3  
Process Flow Diagram for the HiPOx Treatment System
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swing adsorption is commonly practiced. There is additional capitol cost and power costs versus 
LOX, along with required air compressors and power to operate. The compressors also require 
service and maintenance. On-site generation of oxygen is less flexible than the LOX and the air 
compressor power requirements remain relative constant when flows are reduced. The operations 
labor requirement is higher because of the rotating equipment. Depending on pressure 
requirements, the cost of the power for on-site oxygen generation is on the order of $0.35 per 
100 CF for the VSA and $0.45 per 100 CF for the PSA. Maintenance, overhauls and additional 
capital can be on the order of $0.35 per 100 CF. Based on the long term operation expected at 
this site, LOX provides the most economic alternative.  



The H2O2 and O3 feed rates would be controlled by chemical metering pumps to supply 62.5 
mg/L and 125 mg/L, respectively.  The recycle rate in the first stage reactor would only be 0.3 
gpm per gpm influent, much lower the 9.1 gpm per gpm of influent.  The HRT in the first stage 
reactor would be 0.67 minutes.  This is much less than the HRT utilized in the HiPOx PT, as the 
recycle rate utilized during the PT was much higher in order to achieve the higher O3 doses used.   



The effluent from the first stage reactor would enter a gas/liquid separator tank and then be 
pumped to the second stage reactor, combining again with the H2O2 solution as it enters.  O3 
would also be added to the second stage reactor from ozone generator.  The H2O2 and O3 feed 
rates would be controlled by chemical metering pumps to supply 62.5 mg/L and 125 mg/L, 
respectively.  The HRT in the second stage reactor would be 0.7 minutes.  This is much less than 
the HRT utilized in the HiPOx PT, as the gas/liquid separator tank utilized during the PT was 
much larger than required and unduly increased the HRT.  The effluent from the first stage 
reactor would enter a gas/liquid separator tank and then be pumped to the AOP Effluent Tank.  
The offgas from the two gas/liquid separator tanks would pass through an O3 destruction 
cartridge and would flow into the VGAC collection lines. 



The estimated cost (capital and O&M) for the HiPOx Treatment System under each scenario are 
included in Appendix E and are summarized in Tables 13-8 and 13-9.  These tables list the 
rough-order-of-magnitude (ROM) capital, labor, consumables (H2O2 and LOX), and utility costs 
associated with the HiPOx treatment.   
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Table 13-8  
Rough-Order-of-Magnitude Costs for the HiPOx Treatment under Scenario 1 



Basis Value Unit
Flow Rate 180 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 1,513,728,000        gal



Labor Rate $45 $/hr
Level of Effort 4 hr/day



Electric power Usage 0.11$      $/kW-hr 0.01148 kW-hr/gal
Hydorgen peroxide consumption per day $4 $/gal 81 gal/day
Liquid Oxygen $0.60 $/100 scf 640 100 scf/day



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
HiPOx System 1,500,000$             
Influent Pump Included



Effluent Tank (5000 gal) 6,000$                    



Total Capital Cost 1,506,000$             



Total Installed Cost (Total Capital plus Total 
Installation) 8,006,000$             $5.29



Operating Labor $65,400 $0.86



Consumables
Annualized Cost of Hydrogen Peroxide 118,300$               
Annualized Cost of Liquid Oxygen 140,200$               



Total Consumables (annually) 258,500$                $3.42



Equipment
Annualized Cost of Equipment Replacement 75,000$                  



Total Equipment Replacement (annually) 75,000$                  $0.99



Indirect Operating Costs 80,100$                  
Maintenance Labor 160,200$                
Maintenance Materials 160,200$                
Payroll and Plant Overhead 231,500$                



Indirect Operating Costs 632,000$                $8.35



Utilities (Annual Energy Cost) 99,700$                  $1.32



Annual O&M: $1,055,600 $14.94



HiPOx AOP Costs ($/1,000 gallon) $20.23
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Table 13-9  
Rough-Order-of-Magnitude Costs for the HiPOx Treatment under Scenario 2 



Basis Value Unit
Flow Rate 90 gpm
Hours of Operation 24 hr
Days of Operation 7 dy
Years of Service 20 yr
Uptime 80%
Total Gallons Treated 756,864,000           gal



Labor Rate $45 $/hr
Level of Effort 4 hr/day



Electric Power Usage 0.11$     $/kW-hr 0.01148 kW-hr/gal
Hydrogen Peroxide (35%, wt) $4 $/gal 41 gal/day
Liquid Oxygen $0.60 $/100 scf 320 100 scf/day



Capital Expense Total Costs Normalized Cost ($/1,000 gal)
HiPOx System 880,000$                
Influent Pump Included



Effluent Tank (5000 gal) 6,000$                    



Total Capital Cost 886,000$                



Total Installed Cost (Total Capital plus Total 
Installation) 4,712,000$             $6.23



Operating Labor $65,400 $1.73



Consumables
Annualized Cost of Hydrogen Peroxide 59,900$                 
Annualized Cost of Liquid Oxygen 70,100$                 



Total Consumables (annually) 130,000$                $3.44



Equipment
Annualized Cost of Equipment Replacement 44,000$                  



Total Equipment Replacement (annually) 44,000$                  $1.16



Indirect Operating Costs 47,200$                  
Maintenance Labor 94,300$                  
Maintenance Materials 94,300$                  
Payroll and Plant Overhead 152,400$                



Indirect Operating Costs 388,200$                $10.26



Utilities (Annual Energy Cost) 49,900$                  $1.32



Annual O&M: $633,500 $17.90



HiPOx AOP Costs ($/1,000 gallon) $24.13  
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14.0 Conclusions and Recommendations 



The objective of the PT were met: 



1. Demonstrate that unit treatment processes, which comprise the treatment train can be 
successfully scaled up 



The SAAB was demonstrated at a pilot-scale level, with successful treatment of p-CBSA, 
perchlorate, and VOCs.  The scale-up for the FRO was not as successful, as the oxidation of 
1,4-dioxane was not consistently demonstrated.  However, the HiPOx process successfully 
demonstrated the oxidation of both 1,4-dioxane and NDMA at a pilot-scale level. 



2. Demonstrate the technical and economic viability of the unit treatment processes; 



The technical viability of the SAAB and FRO treatment processes were demonstrated during 
the PT.  Based on the PT information, the installed capital costs, and annual operation and 
maintenance costs were estimated.  The cost per 1,000 gallons for the SAAB process ranged 
from $43.04 for treatment of 180 gpm (treated A-Stream, B-Stream, and C/D-Stream) to 
$66.37 for treatment of 90 gpm (treated A-Stream and B-Stream).  The cost per 1,000 gallons 
for the FRO process ranged from $30.91 for treatment of 180 gpm to $32.84 for treatment of 
90 gpm.  For the HiPOx process, the cost per 1,000 gallons ranged from $20.23 for treatment 
of 180 gpm to $24.13 for treatment of 90 gpm. 



3. Obtain a better determination of key process parameters and quantify the relationships 
between these parameters and process performance and scale-up; 



The minimum HRT and reagent inputs to the SAAB, FRO, and HiPOx treatment processes 
were defined by the PT, along with the relationships between these parameters and 
performance.  The minimum HRTs for the anoxic portion of the SAAB ranges from 2 hours 
for treating treated A-Stream, B-Stream, and C/D-Stream to 2.5 hours when treating treated 
A-Stream, and B-Stream.  The minimum HRTs for the aerobic portion of the SAAB ranges 
from 1.3 hours for treating treated A-Stream, B-Stream, and C/D-Stream to 1.6 hours when 
treating treated A-Stream, and B-Stream.  Operating the SAAB at HRTs below these 
minimum HRTs adversely affected performance, while operating the SAAB above these 
minimum HRTs did not significantly improve performance.  Recycle rate in the Aerobic 
FBR, which affect fluidization in the FBR, was determined to be a key process parameter, as 
performance of the Aerobic FBR degraded when recycle rates of less than 10 gpm were 
employed during the PT. 



The minimum HRT for the FRO treatment was not well defined, but appears to range from 2 
to 4 hours.  The optimal reagent additions for the FRO process  were determined by the PT: 
0.002 gpm 50 percent H2O2 solution would be required per gpm of influent, 0.001 gpm 
concentrated hydrochloric acid per gpm of influent, and 0.0008 gpm of 28% FeCl2 solution 
per gpm of influent.  For the neutralization and precipitation following the FRO, the PT 
determined that 0.001 gpm of 50% sodium hydroxide per gpm of influent and 25 ppm 
Nalclear 7768 polymer would be required.   
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For the HiPOx process, an optimal ozone concentration of 250 mg/L and an optimal H2O2 
concentration of 125 mg/L were identified during PT.  Lower concentrations did not 
adequately destroy the 1,4-dioxane and NDMA.  During SAAB upset conditions, higher 
concentrations of ozone, up to 350 mg/L and 175 mg/L, respectively, may be required to 
account for the higher TOC and COD levels in the SAAB effluent.   



4. Complete a detailed mass balance around each tested unit treatment process; 



A complete mass balance was developed for the SAAB, FRO, and HiPOx treatment 
processes. 



5. Develop an accurate life cycle cost estimate and increase the DTSC’s confidence in the cost 
estimate of the proposed full-scale NPTP; and 



Using the information from the PT, an accurate life cycle cost estimate for the SAAB and 
FRO treatment processes.  DTSC should be confident in the cost estimates.     



6. Demonstrate the performance of each unit operation with regard to treatment efficiency, as 
well as the robustness and reliability of each process under real-time operational 
circumstances (i.e., changes in composition, flow, etc.) 



Over the course of the PT, the SAAB treatment process was relatively consistent (especially 
the anoxic portion), suggesting that it is able to handle the variability in the PT feed, 
demonstrating the robustness and reliability of the process.  The treatment efficiency of the 
FRO treatment process during the PT was less than expected from the BT, suggesting that the 
FRO treatment process may not be robust nor reliable.  This primarily appeared to be due to 
an insufficient HRT.  The use of an HRT on the order of 2-4 hours may improve the 
robustness and reliability of the FRO process.  The HiPOx treatment process was shown to 
be very consistent during the PT, even when the SAAB was intentionally upset, 
demonstrating the robustness and reliability of the HiPOx process.    



The SAAB process was demonstrated to be robust and reliable for the treatment of p-CBSA, 
perchlorate, and VOCs.  Important information obtained during the PT on effect that the recycle 
flow rate in the aerobic FBR on the biodegradation of p-CBSA can be incorporated into full-
scale design of that FBR.  The FRO, considered as an AOP for the treatment of 1,4-dioxane and 
NDMA was not as robust or reliable, but did demonstrate its potential to treat the 1,4-dioxane 
(NDMA concentrations were typically below the proposed effluent discharge criterion).  
However, the HiPOx process successfully demonstrated the oxidation of 1,4-dioxane. 



The PT program results indicate that the NPTP can meet OCSD’s proposed effluent discharge 
limits, including those for 1,4-dioxane, NDMA, and perchlorate.  As a result of the PT program, 
the design phase of the NPTP can begin to be conducted, drawing on the PT results.  
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Inconsistencies in the treatment performance and the relatively long HRT of the FRO process 
suggest that the HiPOx process be utilized as the AOP for the design of the NPTP.     
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1.0 Introduction 



1.1 Document Purpose 
The purpose of this report is to present the results and conclusions from the two Sequential 
Anaerobic/Aerobic Bench-Scale Tests, BT1 and BT2, for the ex-situ removal of organic 
compounds from the groundwater at the Stringfellow site.  This report is designed to compile the 
information needed to determine whether this unit treatment process should continue to be 
considered as a feasible component of the New Pretreatment Plant’s (NPTP) overall treatment 
train, including compiling preliminary costs for full-scale treatment. 



1.2 Consideration of Sequential Anaerobic/Aerobic Technology 
These bench-scale tests (BTs) were intended to evaluate the viability of sequential 
anaerobic/aerobic treatment using two fluidized bed reactors (FBRs) to remove volatile organic 
compounds (VOCs), semivolatile organic compounds (SVOCs), perchlorate, and 
p-chlorobenzenesulfonic acid (p-CBSA).   



One BT used a composite of A-Stream, that was air stripped, neutralized, and clarified, 
combined with B-Stream and F-Stream.  The air-stripping pretreatment removed VOCs from 
A-Stream prior to creating the composite BT1 influent.  The second BT used a composite of 
neutralized and clarified A-Stream effluent combined with B-Stream and F-Stream to create 
influent BT2.  This composite BT2 influent still retained its VOCs.  The effluent from the 
sequential anaerobic/aerobic treatment would be commingled with C-Stream and D-Stream, and 
the combined streams would then be treated to remove perchlorate, 1,4-dioxane and 
n-nitrosodimethylamine (NDMA), if necessary. 



1.3 Summary of Key Results 
The key results derived from the Sequential Anaerobic/Aerobic Bench-Scale Tests are 
summarized below:   



• The influent mixtures were not toxic to anaerobic and aerobic microbes and did not 
inhibit bacterial growth. 



• The anaerobic process degraded perchlorate from approximately 170 parts per billion 
(ppb) to below the detection limit of 2 ppb. 



• The sequential anaerobic/aerobic process degraded the total VOCs to approximately 
20 percent of influent concentration levels.  Most of the individual VOCs were 
reduced over 90 percent.  However, cis-1,2-Dichloroethene (cis-1,2-DCE) and vinyl 
chloride (VC) were produced, probably from the breakdown of trichloroethylene 
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(TCE).  Cis-1,2-DCE levels in the treated effluent ranged from 22 to 110 ppb, while 
VC concentrations ranged from less than the detection limit of 5 to 5.8 ppb. 



• Total organic carbon (TOC), biological oxygen demand (BOD), and chemical oxygen 
demand (COD) were decreased over 75 percent by the process.  TOC was reduced 
from approximately 400 parts per million (ppm) to 100 ppm or less; and BOD from 
690 to 32 ppm; and COD from 1,400 to 300 ppm or less. 



• Hydrogen sulfide was not produced in the anaerobic FBR. 



• 1,4-dioxane appeared to be produced in the FBRs, probably in the anaerobic FBR.  For 
BT1, the 1,4-dioxane concentration increased from 29 to 82 micrograms per liter 
(µg/L), while for BT2, the concentration increased from 28 to 288 µg/L.  The 
mechanism producing this increase is not known. 



• The aerobic degradation of p-CBSA was over 99 percent (approximately 900 ppm to 
1ess than 1 ppm).   



• Acetic acid (20-percent solution) appeared to function well as the electron donor for 
BT1, while lactic acid (32-percent solution) appeared to function well as the electron 
donor for BT2.  The addition rate of these electron donors was equivalent to 0.6 gallon 
per 1,000 gallon of untreated influent.  The phosphoric acid solution (4.6 percent) and 
urea solution (39 grams per liter [g/L]) were also added at an equivalent rate of 
0.6 gallons per 1,000 gallons of untreated influent.  The 5-Normal (5N) sodium 
hydroxide solution was added at an equivalent rate of 4 gallons per 1,000 gallons of 
untreated influent.  This corresponds to adding 50-percent caustic solution at a rate of 
1 gallon per 1,000 gallons of untreated influent. 



• The preliminary operating hydraulic retention time (HRT) of 5 hours total (2.5 hours 
in each FBR) for the sequential anaerobic/aerobic process should be used for scaleup 
of the system. 



• The preliminary full-scale capital cost for an installed sequential biological treatment 
system is approximately $10,970,000.  The estimated annual operating and 
maintenance cost is $1,041,000.  See Section 10.7 for a breakdown in costs. 



• The sequential biological treatment system is recommended for evaluation as a viable 
option in the NPTP treatment train. 



Details and data supporting these conclusions are presented in Section 6.0, Experimental 
Procedures, and in Section 10.0, Data Analysis and Interpretation. 











     



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 2-1



2.0 Anaerobic/Aerobic Treatment Process Description 



A biological FBR system, with anaerobic and aerobic reactors, was selected for bench-scale 
evaluation to destroy the biodegradable contaminants in groundwater.  The anaerobic and 
aerobic FBR is a highly efficient fixed-film reactor, which relies on the immobilization of 
microbes on a hydraulically fluidized bed of media particles.  These particles provide a vast 
surface area for biological film growth.  Granular activated carbon (GAC) was used for the 
selected bed media.  The use of GAC as the fluidized bed media integrates the removal 
mechanisms of biodegradation and physical-chemical adsorption into the reactor.  GAC serves as 
an intermediate mechanism to deliver and make available the adsorbable contaminants to the 
microbes, but it is not intended to provide significant contaminant removal in the long-term, 
steady-state operation.  Rather, the GAC provides a smoothing result for fluctuating input 
concentrations of adsorbable contaminants, and it provides extended contact time between the 
microbes and recalcitrant compounds.  The influent was sequentially treated, first in the 
anaerobic FBR and then followed by the aerobic FBR.  The sequential biological process is 
described below.  The bench-scale process is similar, but was modified to accommodate 
bench-scale objectives.  Details on the bench-scale process procedures are provided in 
Section 6.0, Experimental Procedures. 



In a full-scale process, the process influent, biomass growth nutrients (mainly nitrogen and 
phosphorous), reagents to control the pH within a range of 6.5 to 8.0, and an electron donor 
substrate are introduced into the anaerobic reactor with the reactor feed.  The reactor feed 
includes both untreated water and recirculated treated water from the reactor.  This combined 
reactor feed, at approximately 10 to 13 gallons per minute per square foot (gpm/ft2) of the reactor 
cross-sectional area, forms a recirculation flow that keeps the GAC in the reactor fluidized.  The 
ratio of untreated water and recirculated treated water from the reactor is based on attaining the 
necessary HRT in the reactor with recognition that 10 to 13 gpm/ft2 are required to fluidize the 
GAC media and keep the reactor contents well mixed.  Typically, sodium hydroxide is injected 
into the recirculation flow to control the pH in the FBR.  The recalcitrant compounds are 
removed within the reactor by both carbon adsorption and destruction through microbial 
metabolism.  The treated effluent water then overflows out of the top of the anaerobic FBR. 



The treated effluent waste stream from the anaerobic FBR is mixed with additional biomass 
growth nutrients (mainly nitrogen and phosphorous) and pH control chemicals as necessary.  
Then it passes through an oxygenator where oxygen is added and dissolved into the process 
stream so that it is available for the biological process.  The oxygen-laden water is then 
introduced into the bottom of the aerobic FBR at a flow rate of approximately 10 to 13 gpm/ft2 of 
the reactor cross-sectional area.  The remaining recalcitrant compounds, p-CBSA and SVOCs, as 
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well as COD, are further reduced or removed by aerobic biodegradation.  The treated effluent 
then overflows the top of the aerobic FBR and is available for additional treatment if required 
prior to discharge. 



As the biomass grows on the media particles, the thickness of the biofilm increases ultimately 
resulting in a decay phase at which time the biomass sloughs off the media and can be removed 
by filtration.  A steady state condition is reached when the biofilm that has reduced in thickness 
begins to grow again until it reaches equilibrium.  The growth of film on the media particles also 
changes the size and effective density of the particles, causing those particles with the thickest 
film growth to accumulate toward the top of the reactor.   



Two mechanisms are employed for wasting biomass from full-scale FBRs.  The primary 
mechanism is a continuous removal mechanism that utilizes one or more air-lift separators 
suspended in the water at the tops of the FBRs.  As a biofilm grows on the surface of media, the 
media becomes more buoyant and rises in an up-flow current.  Air bubbles that are provided to 
the air-lift separators entrain any biomass-coated media that reach the tubes.  The turbulence 
created by the rising air bubbles dislodges the biofilm from the media particles.  The now 
less-buoyant cleaned media falls back into the FBR while the separated biomass (visible to the 
eye only as turbidity) flows out of the system along with the effluent water.   



The secondary mechanism utilizes a simple water eductor system that creates turbulence at lower 
levels of the FBR bed to dislodge biofilm from media at those locations.  This eductor 
mechanism is employed in a semi-continuous or batch mode as needed to quickly remove 
attached biomass if significant growth (observed as significant bed expansion) occurs.  This 
separated biomass also flows out of the system along with the effluent water.   



The amount of solids leaving the FBR is typically in the range of 0.1 to 0.5 pounds of total 
suspended solids (biomass solids) per pound of total organic carbon (i.e., food source) 
consumed. 
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3.0 Influent Description 



3.1 Influent for BT1 
The influent to the Anaerobic/Aerobic BT1 was 144 gallons from combining air-stripped 
neutralized and clarified A-Stream, with the B- and F-Streams.  The influent contained the 
equivalent of 36.8 percent of the air stripped, neutralized and clarified A-Stream, 48.6 percent of 
B-Stream, and 14.6 percent of F-Stream.  The baseline influent concentrations are listed in 
Table 3-1. 



3.2 Influent for BT2 
The influent to the Anaerobic/Aerobic BT2 was prepared from a mixture of the following: 



• 53 gallons (36.8 percent) of neutralized and clarified A-Stream 
• 70 gallons (48.6 percent) of B-Stream 
• 21 gallons (14.6 percent) of F-Stream 



The volume of each stream used in the influent mixture is intended to represent the anticipated 
contribution during continuous operation of a full-scale pretreatment plant.  The baseline influent 
concentrations for BT2 are also listed in Table 3-1.  The BT2 influent mixture was not pretreated 
for VOCs. 



Table 3-1  
Bench Test Baseline Influent Characterization 



Bench-Scale Tests  BT1 Influent BT2 Influent 
Sample Name  AB1-CHAR-001 AB2 CHAR 



Sample No.  AB100-L001 
AB200-L001/ 
AB200-L002 



Sample Date  12-Jan-04 6-Feb-04 



Parameter Units Result Result 



Alkalinity (as CaCO3) mg/L 56 74 



Ammonia (as N) mg/L 0.9 0.79 



Bicarbonate mg/L 68 90 



BOD mg/L 27 690 



Carbonate mg/L <3 <3 



COD mg/L 1,400 1,400 



Chloride mg/L 140 130 











     
 
 



Table 3-1 (Continued)  
Bench Test Baseline Influent Characterization 
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Bench-Scale Tests  BT1 Influent BT2 Influent 
Sample Name  AB1-CHAR-001 AB2 CHAR 



Sample No.  AB100-L001 
AB200-L001/ 
AB200-L002 



Sample Date  12-Jan-04 6-Feb-04 



Parameter Units Result Result 



Chromium, Hexavalent mg/L <0.05 <0.05 



Fluoride mg/L 3.1 4.0 



Hydroxide mg/L <3 <3 



Nitrate mg/L 20 19 



Nitrite as N mg/L 1.2 5.0 



TOC mg/L 370 400 



Orthophosphate mg/L <0.05 <0.05 



p-CBSA mg/L 920 860 



Perchlorate µg/L 180 170 



pH pH_units 7.5 6.3 



Phenols mg/L 0.14 0.071 



Specific Conductance µmhos/cm 3,000 3,200 



Sulfate mg/L 1,300 2,300 



Sulfide mg/L <0.1 <0.1 



Total Dissolved Solids mg/L 4,100 5,100 



Total Suspended Solids mg/L 15 34 



1,4-Dioxane µg/L 29 28 



4,4'-Dichlorobenzophonone (TIC) µg/L 560 120 



4-Chloro-2-nitrophenol (TIC) µg/L 24 11 



Acetophenone (TIC) µg/L 33 NI 



Benzoic Acid (TIC) µg/L 65 NI 



Benzoic acid, 2-Choloro (TIC) µg/L 81 NI 



Bis(2-Ethylhexyl)Phthalate µg/L <3 <3 



Isophorone µg/L 14 23 



n-nitrosodiethylamine µg/L 0.018 <10 



n-nitrosodimethylamine µg/L 0.14 0.34 











     
 
 



Table 3-1 (Continued)  
Bench Test Baseline Influent Characterization 
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Bench-Scale Tests  BT1 Influent BT2 Influent 
Sample Name  AB1-CHAR-001 AB2 CHAR 



Sample No.  AB100-L001 
AB200-L001/ 
AB200-L002 



Sample Date  12-Jan-04 6-Feb-04 



Parameter Units Result Result 



Parachlorophenol (TIC) µg/L 44 NI 



1,2-Dichlorobenzene µg/L 14 110 



1,4-Dichlorobenzene µg/L <5 19 



1,1-Dichloroethane µg/L <5 <5 



Acetone (TIC) µg/L NI 230 



Chlorobenzene µg/L 7.5 520 



Chloroform µg/L 12 220 



cis-1,2-Dichloroethene µg/L <5 <5 



Ethylbenzene µg/L <5 23 



Tetrahydrofuran (TIC) µg/L NI 21 



Methylene Chloride µg/L <30 120 



Phenol µg/L <10 <10 



Trichloroethene µg/L 68 610 



Vinyl Chloride µg/L <5 <5 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study. 
< – not detected at the stated reporting limit 
BOD – biological oxygen demand 
CaCO3 – calcium carbonate 
COD – chemical oxygen demand 
mg/L – milligrams per liter 
N – nitrogen 
NI – not identified 
p-CBSA – p-chlorobenzenesulfonic acid 
TDS – total dissolved solids 
TIC – Tentatively Identified Compounds 
TOC – total organic carbon 
TSS – total suspended solids 
µg/L – micrograms per liter 
µmhos/cm – reciprocal of microohms per centimeter 
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The data in Table 3-1 indicate that the only significant difference between the influent to the 
Anaerobic/Aerobic BT1 and the influent to the Anaerobic/Aerobic BT2 is indeed only the 
concentration of VOCs.  Though the air-stripping removed significant VOCs from the influent to 
BT1 as compared to BT2, some VOCs were still present in the influent to BT1. 











     



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 4-1



4.0 Test Objectives 



The objectives of the anaerobic/aerobic bench tests are as follows: 



• Determine if the influent mixture will be toxic to anaerobic and aerobic microbes and 
inhibit bacterial growth. 



• Optimize the anaerobic process by achieving the degradation of perchlorate to below 
4 ppb and of total VOCs to below 20 percent of influent concentration levels.  The 
reduction of total SVOCs, TOCs, and COD in the anaerobic FBR will be determined.  
Hydrogen sulfide and biological indicators will be monitored throughout optimization 
to gain information on the process. 



• Determine the degree of the aerobic degradation of p-CBSA.   



• Determine the level of reduction of VOCs, SVOCs, TOCs, COD, and BOD in the 
aerobic FBR.  Hydrogen sulfide and biological indicators will be monitored 
throughout optimization to gain information on the process. 



• Characterize the chemical quality and quantity of off-gas from the FBRs. 



• Determine the optimum type and quantity of electron donor and the quantity of 
nutrients. 



• Determine the preliminary operating HRT at a fixed temperature for the sequential 
anaerobic/aerobic process to be used for scale-up of the system. 



• Obtain sufficient data to develop process flow diagrams (PFDs), material balance, and 
cost estimate for a full-scale system. 



• Develop preliminary design basis for pilot-scale testing. 
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5.0 Testing Equipment and Materials 



The bench-scale FBR system to be used for evaluation of a sequential anaerobic/aerobic 
biological degradation process was constructed of glass, stainless steel, and Teflon® materials to 
minimize abiotic losses of chemicals.  Each reactor has a total liquid volume hold up of 
approximately 4.5 liters (L) with an empty bed volume of approximately 1,000 milliliters (mL).  
Figure 5-1 presents a detailed illustration of the BT apparatus. 



A brief listing of the testing equipment used for two parallel anaerobic/aerobic BT follows: 



• Four, 4.5-L glass reactor columns with five ports and one spare reactor 



• Two dual head pumps for feed injection and effluent removal from the anaerobic 
reactor 



• Two equalization columns to prevent GAC/biomass carryover 



• Two 190-L mixed collapsible groundwater reservoirs (to minimize VOC loss) to store 
the influent prior to entry into the anaerobic FBR 



• One peristaltic recirculation pump for each reactor (four total) 



• One syringe pump with three syringes for each reactor system for electron donor, 
caustic, and nutrients addition (two total) 



• One pH probe for each reactor for measuring the pH and pH control of the contents of 
the reactor (four total) 



• One oxygen cylinder and oxygen metering and dissolution system for the aerobic 
reactor (two total) 



• One dissolved oxygen (DO) meter for the aerobic reactors (to be exchanged between 
the two reactors and BTs) 



• One flow meter for the recirculation line for each reactor (four total) 



• Two heated water baths 



• Two heating coils 



• One timer 



• 5N and 1-Normal (1N) sodium hydroxide solutions and 1N sulfuric acid solution for 
acid/base pH control 



• Acetic acid (commercial grade, minimum assay 99.5 percent) and lactate  acid 
(commercial grade, minimum assay 85 percent), used as 20 percent and 32 percent 
solutions, respectively, for electron donor experimentation and optimization 
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• Urea (39 g/L) and phosphoric acid (4.6 percent) solutions for nutrient addition and 
optimization 



• Oxidation-reduction potential (ORP) meter to monitor the status of the reducing and 
oxidizing conditions in the reactors (to be exchanged between the reactors and BTs. 
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Figure 5-1  
BT Apparatus 
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6.0 Experimental Procedures 



The procedures associated with conducting these BTs were divided into three stages.  The first 
stage, Stage 1, consisted of GAC saturation, inoculation, and acclimation phases of the anaerobic 
FBR.  Stage 2 consisted of setup and acclimation phases of the aerobic FBR.  Stage 3 consisted 
of connection of the anaerobic and aerobic FBRs into a sequential system, and steady state 
operation phase of the system.  Figure 6-1 shows the timeline for these BTs. 



6.1 Stage 1:  Anaerobic FBR GAC Saturation, Inoculation, and Acclimation Phases 
A quantity of preselected GAC was loaded into the FBR to approximately 800 mL of settled bed 
volume.  Next, the FBR recirculation pump was turned on to fluidize the media to approximately 
1,000 mL.  The influent from the storage tank was then pumped at 50 milliliters per minute 
(mL/min) into the reactor.  The system was not operating in recycle mode at this time.  The 
influent was allowed to pass through the anaerobic FBR until chemical breakthrough was 
identified via analysis of soluble COD in the effluent (Tables 6-1 and 6-2), comparing it to the 
influent COD concentration of 1,400 mg/L.  Once the GAC was loaded (saturated) with the 
constituents of the influent mixture, the FBR was inoculated with a predetermined amount of 
seed bacteria from a confidential perchlorate treatment facility and from a chloroethene-
contaminated groundwater treatment system at North Island Naval Air Station in Coronado, 
California.  As indicated before, the bed in the FBR was initially charged with GAC to provide a 
settled bed volume of approximately 800 mL.  The bed was then initially fluidized to 
approximately 1,000 mL using a peristaltic pump on the recycle line.  The recycle peristaltic 
pump was started and adjusted to a flow of 500 to 1,000 mL/min to fluidize the carbon bed and 
allow contact between the carbon and the seed bacteria.  Appropriate amounts of acetic acid, 
lactic acid, and soluble nutrients were added to the recycle flow through the syringe pump, based 
on the COD of the respective BT influent.  For BT1, the syringe pump supplied 4.2 microliters 
per minute (µL/min) each of the 20-percent acetic acid solution, the 4.6-percent phosphoric acid 
solution, and the 39-g/L urea solution.  For BT2, the syringe pump supplied 3.9 µL/min each of 
the 32-percent lactic acid solution, the 4.6 percent phosphoric acid solution, and the 39 g/L urea 
solution.  The reactor pH was controlled within the pH range of 6.5 to 8 by direct addition of 1N 
sodium hydroxide or 1N sulfuric acid solutions (although the acid was not required) via the pH 
controller. 



Following inoculation, the system was operated in a continuous recycle mode to allow for 
biomass growth and attachment.  Electron donor and nutrients were fed during this period, to the 
reactor to promote growth.  Following the inoculation period, continuous feeding of the influent 
mixture at a rate of 6.7 mL/min to the FBR began (acclimation).  The feed rate of 6.7 mL/min 
was equal to an initial HRT of 2.5 hours in the 1,000 mL reactor volume.  Attempts were made 
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to reduce the HRT during the acclimation phase.  However, reducing the HRT below 2.5 hours 
in the anaerobic FBR for either BT1 or BT2 caused the ORP to rise in the FBR above 
-180 millivolts (mV), at the set feed rates used for acetic and lactic acid, indicating that anaerobic 
conditions could not be maintained at lower HRTs at the set feed rates of acetic or lactic acid 
employed. 
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Figure 6-1  
Timeline for the Sequential Anaerobic/Aerobic Bench-Scale Tests 



1/20 1/21 1/22 1/23 1/24 1/25 1/26 1/27 1/28 1/29 1/30 1/31 2/1 2/2 2/3 2/4 2/5 2/6 2/7 2/8 2/9 2/10 2/11 2/12 2/13 2/14 2/15 2/16 2/17 2/18 2/19 2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/27 2/28 2/29 3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10 3/11 3/12 3/13 3/14 3/15 3/16 3/17 3/18 3/19 3/20 3/21 3/22 3/23 3/24 3/25 3/26 3/27 3/28 3/29 3/30 3/31 4/1 4/2
Sequential Anaerobic/Aerobic BT1



BT1 Anaerobic FBR
Phase Start End
GAC Saturation 20-Jan 23-Jan
Inoculation 23-Jan 3-Feb
Acclimation 3-Feb 26-Feb



BT1 Aerobic FBR
Phase Start End
GAC Saturation 20-Jan 23-Jan
Inoculation 27-Jan 4-Feb
Acclimation 4-Feb 26-Feb



BT1 Combined System
Phase Start End
Steady State 26-Feb 16-Mar



Sequential Anaerobic/Aerobic BT2



BT2 Anaerobic FBR
Phase Start End
GAC Saturation 13-Feb 21-Feb
Inoculation 21-Feb 1-Mar
Acclimation 1-Mar 15-Mar



BT2 Aerobic FBR
Phase Start End
GAC Saturation 13-Feb 21-Feb
Inoculation 21-Feb 1-Mar
Acclimation 1-Mar 15-Mar



BT2 Combined System
Phase Start End
Steady State 15-Mar 2-Apr



 
 
 











     



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 6-4



Table 6-1  
Monitoring Data for the BT1 First Stage (Anaerobic) FBR 



Phase GAC Saturation 
Sample Name  ACCLIM-16:45 ACCLIM-23:00 ACCLIM-40:00 ACCLIM-64:00 



Sample No.  AB101-L001 AB101-L002 AB101-L003 AB101-L005 



Sample Date  20-Jan-04 20-Jan-04 21-Jan-04 22-Jan-04 



Parameter Units Result Result Result Result 



COD mg/L 1,500 1,400 1,400 1,400 



Nitrate mg/L NA NA NA NA 



p-CBSA mg/L NA NA NA NA 



Perchlorate µg/L NA NA NA NA 



Sulfide mg/L NA NA NA NA 



1,4-Dioxane µg/L NA NA NA NA 



1,2-Dichlorobenzene µg/L NA NA NA NA 



Chlorobenzene µg/L NA NA NA NA 



Chloroform µg/L NA NA NA NA 



Trichloroethene µg/L NA NA NA NA 
 



Phase 
GAC 



Saturation Inoculation 



Sample Name 
 ANAER_ EFF 



ANAER_ PRE_ 
INOC 



ANAER_ INOC 
DAY 1 



ANAER_ PR_ 
INOC 



Sample No.  AB101-L006 AB102-L001 AB102-L003 AB102-L002 



Sample Date  23-Jan-04 23-Jan-04 23-Jan-04 23-Jan-04 
Parameter Units Result Result Result Result 



COD mg/L 1,900 NA NA NA 



Nitrate mg/L NA NA <1 NA 



p-CBSA mg/L NA NA NA NA 



Perchlorate µg/L NA NA NA NA 



Sulfide mg/L NA NA NA NA 



1,4-Dioxane µg/L NA NA NA NA 



1,2-Dichlorobenzene µg/L NA <5 NA <5 



Chlorobenzene µg/L NA <5 NA <5 



Chloroform µg/L NA 44 NA 50 



Trichloroethene µg/L NA 13 NA 62 











     
 
 



Table 6-1 (Continued)  
Monitoring Data for the BT1 First Stage (Anaerobic) FBR 
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Phase Inoculation 



Sample Name  ANAER_ INOC 
DAY 4 



ANAER_ INOC 
DAY 7 



ANAER_ INOC 
DAY 11 



ANAER_ INOC 
DAY 11 



Sample No.  AB102-L004 AB102-L005 AB102-L008 AB102-L007 



Sample Date  26-Jan-04 29-Jan-04 2-Feb-04 2-Feb-04 
Parameter Units Result Result Result Result 
COD mg/L NA NA NA NA 



Nitrate mg/L <1 NA 48 NA 



p-CBSA mg/L NA NA NA NA 



Perchlorate µg/L NA NA NA 400 



Sulfide mg/L NA NA NA 0.6 



1,4-Dioxane µg/L NA NA NA NA 



1,2-Dichlorobenzene µg/L NA <50 NA <200 



Chlorobenzene µg/L NA <50 NA <200 



Chloroform µg/L NA 50 NA 210 



Trichloroethene µg/L NA 81 NA 310 
 



Phase Inoculation Acclimation 



Sample Name  ANAER_ INOC 
DAY 12 



ANAER_ ACCLIM 
DAY 4 



ANAER_ ACCLIM 
DAY 6 



ANAER_ ACCLIM 
DAY 7 



Sample No.  AB102-L009 AB103-L002 AB103-L006 AB103-L005 



Sample Date  3-Feb-04 6-Feb-04 9-Feb-04 9-Feb-04 
Parameter Units Result Result Result Result 



COD mg/L 260 NA 670 NA 



Nitrate mg/L NA NA NA NA 



p-CBSA mg/L NA 1,000 440 NA 



Perchlorate µg/L NA 100 NA 100 



Sulfide mg/L NA NA NA NA 



1,4-Dioxane µg/L NA 470 550 NA 



1,2-Dichlorobenzene µg/L NA <5 <5 NA 



Chlorobenzene µg/L NA <5 <5 NA 



Chloroform µg/L NA 37 18 NA 



Trichloroethene µg/L NA 52 <7.5 NA 
 











     
 
 



Table 6-1 (Continued)  
Monitoring Data for the BT1 First Stage (Anaerobic) FBR 
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Phase Acclimation 



Sample Name  ANAER_ ACCLIM  
DAY 9 



ANAER_ ACCLIM  
DAY 10 



ANAER_ ACCLIM  
DAY 14 



ANAER_ ACCLIM  
DAY 17 



Sample No.  AB103-L009 AB103-L008 AB103-L011 AB103-L014 



Sample Date  12-Feb-04 12-Feb-04 16-Feb-04 19-Feb-04 



Parameter Units Result Result Result Result 



COD mg/L 410 NA NA NA 



Nitrate mg/L 0.2 NA NA NA 



p-CBSA mg/L 170 890 NA 980 



Perchlorate µg/L 100 100 <1 100 



Sulfide mg/L NA NA NA NA 



1,4-Dioxane µg/L NA NA NA NA 



1,2-Dichlorobenzene µg/L <5 <5 NA <5 



Chlorobenzene µg/L <5 <5 NA <5 



Chloroform µg/L 14 26 NA 25 



Trichloroethene µg/L <5 42 NA 43 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
COD – chemical oxygen demand 
mg/L – milligrams per liter 
NA – not analyzed 
p-CBSA – p-chlorobenzenesulfonic acid 
µg/L – micrograms per liter 
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Table 6-2  
Monitoring Data for the BT2 First Stage (Anaerobic) FBR 



Phase GAC Saturation 



Sample Name  
AB2 PRE INOC 



DAY 4 
AB2 PRE INOC 



DAY 5 
AB2 PRE INOC  



DAY 7 
AB2 PRE INOC 



DAY 8 



Sample No.  AB201-L001 AB201-L002 AB201-L003 AB201-L004 
Sample Date  16-Feb-04 17-Feb-04 19-Feb-04 20-Feb-04 



Parameter Units Result Result Result Result 



COD mg/L 730 850 1,200 1,200 



Nitrate mg/L NA NA NA NA 



p-CBSA mg/L NA NA NA NA 



1,1,1-Trichloroethane µg/L NA NA NA <5 



1,1-Dichloroethane µg/L NA NA NA <5 



Acetone µg/L NA NA NA 240 



Chloroform µg/L NA NA NA 7.4 



cis-1,2-Dichloroethene µg/L NA NA NA <5 



Methylene Chloride µg/L NA NA NA <30 



Tetrahydrofuran (TIC) µg/L NI NI NI NI 



Vinyl Chloride µg/L NA NA NA <5 
 



Phase Inoculation Acclimation 



Sample Name  
AB2 PREINOC  
DAY8 ANAEFF 



ANAERO_ INOC  
DAY 6 



ANAER_ ACCLIM  
DAY 4 



Sample No.  AB201-L005 AB202-L001 AB203-L002 



Sample Date  20-Feb-04 26-Feb-04 4-Mar-04 



Parameter Units Result Result Result 



COD mg/L 1,300 NA NA 



Nitrate mg/L NA 0.2 NA 



p-CBSA mg/L NA NA 940 



1,1,1-Trichloroethane µg/L <5 NA 57 



1,1-Dichloroethane µg/L <5 NA 60 



Acetone µg/L 130 NA NA 



Chloroform µg/L 65 NA 54 



cis-1,2-Dichloroethene µg/L <5 NA 1,500 











     
 
 



Table 6-2 (Continued)  
Monitoring Data for the BT2 First Stage (Anaerobic) FBR 
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Phase Inoculation Acclimation 



Sample Name  
AB2 PREINOC  
DAY8 ANAEFF 



ANAERO_ INOC  
DAY 6 



ANAER_ ACCLIM  
DAY 4 



Sample No.  AB201-L005 AB202-L001 AB203-L002 



Sample Date  20-Feb-04 26-Feb-04 4-Mar-04 



Parameter Units Result Result Result 



Methylene Chloride µg/L 59 NA <30 



Tetrahydrofuran (TIC) µg/L 35 NA 84 



Vinyl Chloride µg/L <5 NA 54 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
COD – chemical oxygen demand  
mg/L – milligrams per liter 
NA – not analyzed 
p-CBSA – p-chlorobenzenesulfonic acid 
TIC – tentatively identified compounds 
µg/L – micrograms per liter   
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6.2 Stage 2:  Aerobic FBR Inoculation, and Acclimation Phases 
Once the aerobic unit was set up, it was inoculated with seed bacteria from a confidential 
industrial wastewater treatment facility and a small amount of effluent from the anaerobic FBR.  
The system was operated in complete recycle for a number of days to allow for biomass growth.  
A higher concentration of NaOH solution (5N) was needed to control the pH in the aerobic FBR.  
Once evidence of organic compound reduction was observed (Tables 6-3 and 6-4), continuous 
feeding of the anaerobic effluent began. 



Table 6-3  
Monitoring Data for the BT1 Second Stage (Aerobic) FBR  



Phase Acclimation 



Sample Name  
AERO_ ACCLIM  



DAY 13 
AERO_ ACCLIM  



DAY 16 
AERO_ ACCLIM  



DAY 20 



Sample No.  AB103-L012 AB103-L015 AB103-L018 



Sample Date  16-Feb-04 19-Feb-04 23-Feb-04 



Parameter Units Result Result Result 



COD mg/L 230 670 340 



Nitrate mg/L NA <1 NA 



p-CBSA mg/L 18 400 80 



Perchlorate µg/L NA 100 NA 



1,2-Dichlorobenzene µg/L <5 <5 <5 



Chlorobenzene µg/L <5 <5 <5 



Chloroform µg/L 14 18 16 



Trichloroethene µg/L <5 5.1 5.5 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
COD –chemical oxygen demand 
mg/L – milligrams per liter 
NA – not analyzed 
p-CBSA – p-chlorobenzenesulfonic acid 
µg/L – micrograms per liter 
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Table 6-4  
Monitoring Data for the BT2 Second Stage (Aerobic) FBR  



Phase Acclimation 



Sample Name  
AERO_ INOC 



DAY 6 
AERO_ ACCLIM. 



DAY 4 
AERO_ ACCLIM. 



DAY 8 
AERO_ ACCLIM. 



DAY 15 



Sample No.  AB202-L002 AB203-L003 AB203-L006 AB203-L012 



Sample Date  26-Feb-04 4-Mar-04 8-Mar-04 15-Mar-04 



Parameter Units Result Result Result Result 



COD mg/L 160 120 160 240 



Nitrate mg/L NA 0.2 NA NA 



p-CBSA mg/L NA 10 0.94 1.3 



Total Dissolved Solids mg/L NA NA NA 9,100 



Total Suspended Solids mg/L NA NA NA 28 



1,1,1-Trichloroethane µg/L NA <5 <5 <5 



1,1-Dichloroethane µg/L NA 5.5 <5 7.6 



Acetone (TIC) µg/L NA NI NI 1,200 



Chloroform µg/L NA <5 6.2 8 



cis-1,2-Dichloroethene µg/L NA 66 73 90 



Disulfide, Dimethyl (TIC) µg/L NA 73 330 NI 



Methylene Chloride µg/L NA <30 <30 <30 



Tert-Butyl Alcohol (TCI) µg/L NA NI NI 2,900 



Tetrahydrofuran (TIC) µg/L NA 98 94 750 



Vinyl Chloride µg/L NA 13 11 7.5 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
COD – chemical oxygen demand 
mg/L – milligrams per liter 
NA – not analyzed 
NI – not identified 
p-CBSA – p-chlorobenzenesulfonic acid 
TIC – tentatively identified compounds 
µg/L – micrograms per liter 
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6.3 Stage 3:  Steady State Operation Phase 
The FBR system was operated at steady state conditions 24 hours a day, 7 days a week after the 
anaerobic and aerobic FBRs acclimated.  The concentrations of ammonia–nitrogen (NH3-N) and 
phosphate–phosphorus (PO4-P) in the FBR effluents were monitored using Hach® test kits.  The 
redox potential in the anaerobic reactors was also routinely monitored using a hand-held ORP 
probe.  The temperature of the liquid was maintained at 30 to 35 degrees Celsius using a heating 
coil wrapped around each of the reactors, through which water from a heated water bath was 
circulated.  The average caustic consumption rates were as listed below, after reaching steady 
state:  



• AB1 Anaerobic, 1-2 mL/day (1N NaOH) 
• AB1 Aerobic, 40-50 mL/day (5N NaOH) 
• AB2 Anaerobic, 0.5 mL/day (1N NaOH) 
• AB2 Aerobic, 30-35 mL/Day (5N NaOH) 



The carbon in the aerobic FBRs was siphoned out, washed with water, and replaced to control 
biomass growth during the steady state phase of BT1 and BT2.  The washed biomass was dried 
and weighed resulting in approximately 10 grams per week per aerobic reactor during steady 
state operation.  On a regular basis, effluent samples from BT1 and BT2 were collected and 
analyzed (Tables 6-5 and 6-6).  The gas produced from the FBRs was periodically passively 
collected in Tedlar® bags attached to the top of the reactors and analyzed (Tables 6-7 through 6-
9). 



The volatile organic fatty acid (VFA) concentration is an indication of reactor performance and 
anomalies (organic overload).  VFA above 250 mg/L is considered to decrease the anaerobic 
activity.  Table 6-10, Volatile Fatty Acid Results for BT1 and BT2 provides an indication of an 
acceptable anaerobic process.  If this process is selected for pilot-scale testing, more extensive 
measurements of VFA will be conducted throughout the test. 
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Table 6-5  
Steady State Monitoring Data for BT1 



Phase Steady State 



Sample Name  
ANAER_ STEADY 



DAY 1 
ANAER_ STEADY 



DAY 12 
ANAER_ STEADY  



DAY 19 



Sample No.  AB104-L002 AB104-L008 AB104-L011 



Sample Date  26-Feb-04 8-Mar-04 15-Mar-04 



Parameter Units Result Result Result 



Nitrate mg/L NA NA NA 



p-CBSA mg/L 950 850 NA 



Perchlorate µg/L 8 2 <2a 



1,2-Dichlorobenzene µg/L <5 <5 NA 



Chlorobenzene µg/L <5 <5 NA 



Chloroform µg/L 21 22 NA 



Trichloroethene µg/L 43 57 NA 
 



Phase Steady State 
Sample Name  AERO_ STEADY DAY 1 AERO_ STEADY DAY 5 AERO_ STEADY DAY 12 



Sample No.  AB104-L003 AB104-L006 AB104-L009 



Sample Date  26-Feb-04 1-Mar-04 8-Mar-04 



Parameter Units Result Result Result 



Nitrate mg/L <0.2 NA <0.2 



p-CBSA mg/L 2 1.1 0.56 



Total Suspended Solids mg/L NA NA 1,000 



1,2-Dichlorobenzene µg/L <5 NA <5 



Chlorobenzene µg/L <5 NA <5 



Chloroform µg/L 11 NA 12 



Trichloroethene µg/L 3.9 NA 7.6 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
aSample results for AB104-L010 (Influent Steady State Day 19) and AB104-L011 (Effluent Steady State Day 19) appear to be switched, 
so result for AB104-L010 reported for AB104-L011. 
< – not detected at the stated reporting limit 
mg/L – milligrams per liter 
NA – not analyzed 
p-CBSA – p-chlorobenzenesulfonic acid 
µg/L – micrograms per liter 
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Table 6-6  
Steady State Monitoring Data for BT2 



Phase Steady State 



Sample Name  
ANAER_ STEADY 



DAY 4 
ANAER_ STEADY 



DAY 11 
ANAER_ STEADY 



DAY 18 



Sample No.  AB204-L002 AB204-L005 AB204-L008 



Sample Date  18-Mar-04 25-Mar-04 1-Apr-04 



Parameter Units Result Result Result 



p-CBSA mg/L 840 NA 890 



Perchlorate µg/L <2 <2 <2 



1,1,1-Trichloroethane µg/L 50 NA 43 



1,1-Dichloroethane µg/L 48 NA 30 



Acetone (TIC) µg/L 80 NA NI 



Chloroform µg/L 66 NA 66 



cis-1,2-Dichloroethene µg/L 1,000 NA 780 



Methylene Chloride µg/L <30 NA <30 



Tetrahydrofuran (TIC) µg/L 52 NA 20 



Vinyl Chloride µg/L 26 NA 14 
 



Phase Steady State 



Sample Name  
AERO_ STEADY  



DAY 4 
AERO_ STEADY  



DAY 18 



Sample No.  AB204-L003 AB204-L009 



Sample Date  18-Mar-04 1-Apr-04 



Parameter Units Result Result 



Nitrate mg/L <0.2 0.23 



p-CBSA mg/L 0.16 0.26 



Total Suspended Solids mg/L NA 310 



1,1,1-Trichloroethane µg/L <5 8.1 



1,1-Dichloroethane µg/L 12 15 



Acetone (TIC) µg/L 110 NI 



Chloroform µg/L 10 22 



cis-1,2-Dichloroethene µg/L 110 190 



Methylene Chloride µg/L <30 <30 
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Phase Steady State 



Sample Name  
AERO_ STEADY  



DAY 4 
AERO_ STEADY  



DAY 18 



Sample No.  AB204-L003 AB204-L009 



Sample Date  18-Mar-04 1-Apr-04 



Parameter Units Result Result 



Tetrahydrofuran (TIC) µg/L 52 28 



Vinyl Chloride µg/L 10 9.9 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
COD – chemical oxygen demand 
mg/L – milligrams per liter  
NA – not analyzed 
NI – not identified 
p-CBSA – p-chlorobenzenesulfonic acid 
TIC – tentatively identified compounds 
µg/L – micrograms per liter 
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Table 6-7  
Results for the Gas Analysis from the BT1 FBRs 



Phase Acclimation Steady State 



Sample Name 
 



ANAER_ 
ACCLIM. 



DAY 7 



ANAER_ 
ACCLIM. 
DAY 14 



ANAER_ 
ACCLIM.  
DAY 21 



ANAER_ 
STEADY 
DAY 5 



ANAER_ 
STEADY 
DAY 20 



Sample No.  
AB103-



L100/L101 
AB103-



L105/L106 
AB103- 



L108 
AB103-



L109 
AB103- 



L112 



Sample Date  9-Feb-04 23-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Units Result Result Result Result Result 



Hydrogen Sulfide ppmv 56 <50 <50 NA NA 



1,1,1-Trichloroethane ppbv 1,900 2,600 NA 2,500 20 



1,1,2-Trichlorotrifluoroethane ppbv 98 80 NA 89 35 



1,1-Dichloroethane ppbv 930 920 NA 900 720 



1,1-Dichloroethene ppbv 2,800 2,400 NA 2,900 2,000 



1,2-Butadiene (TIC) ppbv NI NI NA 13 NI 



1,2-Dichloroethane ppbv 28 28 NA <25 <25 



1,4-Dioxane (TIC) ppbv 16 NI NA NI NI 



2-Butyne (TIC) ppbv NI 13 NA NI 58 



2-Methyl-Butane (TIC) ppbv NI NI NA NI 110 



Acetone (TIC) ppbv 110 <100 NA 290 100 



Chloroform ppbv 860 830 NA 980 540 



cis-1,2-Dichloroethene ppbv 14,000 14,000 NA 13,000 11,000 



Decamethyl 
Cyclopentasiloxane (TIC) ppbv 22 40 NA NI NI 



Disulfide, Dimethyl (TIC) ppbv NI NI NA 13 170 



Hexachlorobenzene (TIC) ppbv NI 78 NA 45 290 



Hexamethyl-Cyclotrisiloxane 
(TIC) ppbv NI 37 NA 70 NI 



Hexane ppbv NI 78 NA 45 290 



Methylcyclopentane (TIC) ppbv 12 20 NA NI NI 



Methylene Chloride  ppbv 130 <50 NA 110 160 



N,N-Dimethylacetamide (TIC) ppbv NI NI NA 760 2,500 



Octane (TIC) ppbv NI NI NA NI 19 



Phenol (TIC) ppbv 63 150 NA 62 380 



Sulfur Dioxide (TIC) ppbv NI NI NA NI 1,300 











     
 
 



Table 6-7 (Continued)  
Results from FBR Gas Analysis for BT1 



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 6-16



Phase Acclimation Steady State 



Sample Name 
 



ANAER_ 
ACCLIM. 



DAY 7 



ANAER_ 
ACCLIM. 
DAY 14 



ANAER_ 
ACCLIM.  
DAY 21 



ANAER_ 
STEADY 
DAY 5 



ANAER_ 
STEADY 
DAY 20 



Sample No.  
AB103-



L100/L101 
AB103-



L105/L106 
AB103- 



L108 
AB103-



L109 
AB103- 



L112 



Sample Date  9-Feb-04 23-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Units Result Result Result Result Result 



Toluene ppbv <25 41 NA 44 41 



trans-1,2-Dichloroethene ppbv 370 300 NA 380 91 



Trichloroethene ppbv 2,800 3,800 NA 3,700 3,200 



Vinyl Chloride ppbv 16,000 13,000 NA 15,000 21,000 
 



Phase Acclimation Steady State 



SAMPLE NAME  



AERO_ 
ACCLIM.   



DAY 6 



AERO_ 
ACCLIM. 
DAY 13 



AERO_ 
ACCLIM. 
 DAY 13 



AERO_ 
STEADY 
DAY 5 



AERO_ 
STEADY 
DAY 20 



SAMPLE_NO  AB103-L102 AB103-L104 AB103-L107 AB103-L110 AB103-L113 



SAMPLE_DATE  9-Feb-04 16-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Units Result Result Result Result Result 



Hydrogen Sulfide ppmv NA NA NA NA NA 



(z)-1,3-Pentadiene (TIC) ppbv NI NI NI NI 44 



1,1,1-Trichloroethane ppbv 340 220 290 450 290 



1,1,2-Trichlorotrifluoroethane ppbv 41 <25 <25 <25 <25 



1,1-Dichloroethane ppbv 280 190 270 270 230 



1,1-Dichloroethene ppbv 610 290 350 430 270 



1,2,3-Benzenetriyltris 
Oxysilane (TIC) ppbv NI NI NI 7 NI 



1,2-Dichloroethane  ppbv <25 <25 <25 <25 <25 



1,2-pentadiene (TIC) ppbv NI 15 NI NI NI 



1,3,6-Octatriene (TIC) ppbv NI NI 17 NI NI 



1,3-Pentadiene (TIC) ppbv NI NI 19 17 NI 



1,4-Dioxane (TIC) ppbv 15 7.7 NI NI NI 



2-Methyl-1-Pentene (TIC) ppbv NI NI NI NI 18 



4-Methyl Octane (TIC) ppbv NI NI NI NI 25 
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Results from FBR Gas Analysis for BT1 
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Phase Acclimation Steady State 



SAMPLE NAME  



AERO_ 
ACCLIM.   



DAY 6 



AERO_ 
ACCLIM. 
DAY 13 



AERO_ 
ACCLIM. 
 DAY 13 



AERO_ 
STEADY 
DAY 5 



AERO_ 
STEADY 
DAY 20 



SAMPLE_NO  AB103-L102 AB103-L104 AB103-L107 AB103-L110 AB103-L113 



SAMPLE_DATE  9-Feb-04 16-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Units Result Result Result Result Result 



Acetic Acid (TIC) ppbv NI NI NI NI 110 



Acetone ppbv <100 <100 <25 180 <100 



Chloroform ppbv 400 250 330 350 270 



cis-1,2-Dichloroethene ppbv 2,500 2,100 3,100 2,200 330 



Decamethyl 
Cyclopentasiloxane (TIC) ppbv 32 39 35 NI NI 



Hexachlorobenzene ppbv 59 39 59 44 120 



Hexamethyl-Cyclotrisiloxane 
(TIC) ppbv Ni 52 58 NI NI 



Hexane (TIC) Ppbv Ni 39 59 44 120 



Methylcyclopentane (TIC) ppbv 10 6.8 9.3 NI NI 



Methylene Chloride ppbv 1,300 450 260 270 190 



N,N-Dimethylacetamide (TIC) ppbv NI NI NI 940 2,600 



Phenol (TIC) ppbv 57 99 110 64 190 



Toluene ppbv <25 <25 <25 <25 <25 



trans-1,2-Dichloroethene ppbv <25 <25 <25 30 <25 



Trichloroethene ppbv 560 230 300 500 240 



Vinyl Chloride ppbv 5,200 4,500 4,600 5,000 1,200 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit  
NA – not analyzed 
NI – not identified 
ppbv – parts per billion per volume  
ppmv – parts per million by volume 
TIC – tentatively identified compounds 
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Table 6-8  
Results for the Gas Analysis from the BT2 FBRs 



Phase Steady State 



Sample Name  
ANAER_ STEADY 



DAY 2 
ANAER_ STEADY 



DAY 16 
AER_ STEADY 



DAY 16 
ANAER_ STEADY  



DAY 17 



Sample No.  AB203-L103 AB203-L106 AB203-L107 AB203-L108 



Sample Date  16-Mar-04 30-Mar-04 30-Mar-04 31-Mar-04 



Parameter Units Result Result Result Result 



Hydrogen Sulfide ppmv NA NA NA <50 



1,1,1-Trichloroethane ppbv 8,700 3,200 830 NA 



1,1,2-Trichlorotrifluoroethane ppbv <25 140 <25 NA 



1,1,Dichloro-1-nitroethane 
(TIC) ppbv 370 NI NI NA 



1,1-Dichloroethane ppbv 3,200 1,600 1,000 NA 



1,1-Dichloroethene ppbv 7,900 3,000 770 NA 



1,2-Dichloroethane ppbv 63 54 33 NA 



1,4-Dioxane (TIC) ppbv NI NI 5.6 NA 



1-Butyne (TIC) ppbv NI 10 NI NA 



2,4-Dimethylheptane ppbv NI NI 4.6 NA 



2-Butanone ppbv <25 54 <25 NA 



4-Methyl Octane (TIC) ppbv NI NI 6.4 NA 



4-Methyl-2-Pentanone ppbv 410 390 <25 NA 



Acetic Acid ppbv 230 21 9.2 NA 



Acetone ppbv 160 <100 <100 NA 



Bromomethane ppbv 210 55 <25 NA 



Carbon Disulfide ppbv 910 160 <100 NA 



Chlorodifluromethane ppbv 29 <25 <25 NA 



Chloroform ppbv 2,500 2,000 830 NA 



Chloromethane ppbv 790 500 <100 NA 



cis-1,2-Dichloroethene ppbv 47,000 22,000 4,000 NA 



Decamethyl 
Cyclopentasiloxane (TIC) ppbv NI 19 28 NA 



Dichlorofluoromethane ppbv 26 <25 <25 NA 



Disulfide, Dimethyl (TIC) ppbv 860 210 NI NA 



Hexachlorobenzene ppbv NI 110 32 NA 
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Phase Steady State 



Sample Name  
ANAER_ STEADY 



DAY 2 
ANAER_ STEADY 



DAY 16 
AER_ STEADY 



DAY 16 
ANAER_ STEADY  



DAY 17 



Sample No.  AB203-L103 AB203-L106 AB203-L107 AB203-L108 



Sample Date  16-Mar-04 30-Mar-04 30-Mar-04 31-Mar-04 



Parameter Units Result Result Result Result 



Hexamethyl-Cyclotrisiloxane 
(TIC) ppbv NI 15 NI NA 



Hexane ppbv NI 110 32 NA 



Methylcyclopentane (TIC) ppbv NI 21 6.8 NA 



Methylene Chloride ppbv 280 200 170 NA 



N,N-Dimethylacetamide 
(TIC) ppbv 1,800 290 NI NA 



Octamethylcyclotetrasiloxane 
(TIC) ppbv NI NI 51 NA 



Octane (TIC) ppbv 71 NI NI NA 



Phenol ppbv 380 37 50 NA 



Sulfur Dioxide (TIC) ppbv 2,400 250 NI NA 



Tetrachloroethene ppbv <25 26 <25 NA 



Thiophene (TIC) ppbv 56 NI NI NA 



Toluene ppbv 110 110 <25 NA 



trans-1,2-Dichloroethene ppbv 1,000 610 160 NA 



Trichloroethene ppbv 8,000 7,600 360 NA 



Vinyl Chloride ppbv 15,000 4,000 3,200 NA 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study.  
< – not detected at the stated reporting limit 
NA – not analyzed  
NI – not identified 
ppbv –parts per billion per volume 
ppmv –parts per million by volume 
TIC – tentatively identified compounds 
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Table 6-9  
Carbon Dioxide and Hydrocarbon Off-gas Results for the BT1 and BT2 FBRs 



Bench-Scale Test BT1 
Phase Acclimation 



Sample Name   
ANAER. ACCLIM. 



 DAY 14 
AERO. ACCLIM. 



 DAY 13 



Sample No.   AB103-L106 AB103-L107 



Sample Date   23-Feb-04 23-Feb-04 



Parameter Units Result Result 



Propane %V/V <0.01 NA 



Carbon Dioxide %V/V 4.2 13 



Ethane %V/V <0.0005 NA 



Ethene %V/V <0.0005 NA 



Methane %V/V 0.001 NA 
 



Bench-Scale Test BT2 
Phase Acclimation Steady State 



Sample Name 
  



ANAER. 
ACCLIM 
DAY 9 



AERO. 
ACCLIM. 



DAY 9 



ANAER. 
STEADY 
DAY 2 



AERO. 
STEADY 
DAY 3 



ANAER. 
STEADY 
DAY 16 



AERO. 
STEADY 
DAY 16 



Sample No.   AB203-L100 AB203-L101 AB203-L103 AB203-L104 AB203-L106 AB203-L107 



Sample Date   9-Mar-04 9-Mar-04 16-Mar-04 17-Mar-04 30-Mar-04 30-Mar-04 



Parameter Units Result Result Result Result Result Result 



Propane %V/V <0.01 NA <0.01 NA <0.01 NA 



Carbon Dioxide %V/V 3.1 12 4.8 8.8 4.3 17 



Ethane %V/V <0.0005 NA <0.0005 NA <0.0005 NA 



Ethene %V/V <0.0005 NA <0.0005 NA <0.0005 NA 



Methane %V/V 0.0028  NA 0.0019 NA 0.0019 NA 
NA – not analyzed 
%V/V – percent volume/volume 
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Table 6-10  
Volatile Fatty Acid Results for the BT1 and BT2 FBRs 



Bench-Scale Tests  BT1 BT2 
Phase  Inoculation Acclimation 



Sample Name  
ANAER_INOC.   



DAY 24 
ANAER_ACCLIM.  



DAY 15 



Sample No.  AB103-L022 AB203-L0136 



Sample Date  26-Feb-04 15-Mar-04 



Parameter Units Result Result 



Lactic Acid mg/L <1.0 13.1 



Acetic Acid mg/L 1.5 1.5 



Proprionic Acid mg/L <1.0 <1.0 



Formic Acid mg/L <1.0 <1.0 



Pyruvic Acid mg/L 0.35 0.27 



n-Valeric Acid mg/L <1.0 <1.0 
mg/L – milligrams per liter 



 



6.4 Onsite Monitoring 
Onsite laboratory monitoring was conducted during each phase of the FBR operation (carbon 
loading, inoculation, acclimation, and steady state).  The influent/effluent flow, recirculation 
flow, fluidized bed height, pH, acid/base addition, temperature, ORP, and nutrient levels were 
measured on site and recorded.  This data is summarized in Tables 6-11 through 6-14. 
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Table 6-11  
Onsite Laboratory Monitoring Data for the BT1 First Stage (Anaerobic) FBR 



GAC Saturation  Day 1 Day 1 Day 2 Day 2 Day 3 
Date  1/20/04 1/20/04 1/21/04 1/21/04 1/22/04 



Time  13:15 17:16 09:20 17:20 09:25 



Reading Units      



Influent/Effluent Flow mL/min 40 40 40 41 40 



Recirculation Flow  mL/min 1,300 1,300 1,300 1,300 1,300 



Fluidized Bed Height Cm 51.5 51.5 51.5 51.5 51 



pH s.u. 6.7 6.6 6.6 6.6 6.6 



1N Acid Added since 1/20/04 mL 45 45 48 48 49 



1N Base Added since 1/21/04 mL 0 0 0 0 2 



Temperature ºF NA NA NA NA NA 



ORP mV NA NA NA NA NA 



PO4-P mg/L NA NA NA NA NA 



NH3-N mg/L NA NA NA NA NA 
 



Inoculation  Day 0 Day 1 Day 4 Day 4 Day 5 
Date  1/22/04 1/23/04 1/26/04 1/26/04 1/27/04 



Time  18:15 8:20 8:40 16:15 8:30 



Reading Units      



Influent/Effluent Flow mL/min 0 0 0 0 0 



Recirculation Flow  mL/min 1,300 1,450 1,300 1,300 1,250 



Fluidized Bed Height Cm 51 52 52 50 49.5 



pH s.u.  6.5 7.4 6.7 6.6 6.6 



1N Acid Added since 1/22/04 mL  0 2 7 7 7 



1N Base Added since 1/22/04 mL 14 15 68 68 68 



Temperature ºF NA NA NA NA NA 



ORP mV NA NA NA NA NA 



PO4-P mg/L NA NA NA NA NA 



NH3-N mg/L NA NA NA NA NA 
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Inoculation  Day 6 Day 7 Day 11 Day 11 Day 12 
Date  1/28/04 1/29/04 2/2/04 2/2/04 2/3/04 



Time  9:45 8:30 8:20 17:00 8:20 



Reading Units      



Influent/Effluent Flow mL/min 0 0 0 7 6 



Recirculation Flow  mL/min 1,300 1,300 1,300 1,300 1,300 



Fluidized Bed Height cm 50 49.5 50.5 50 50 



pH s.u. 6.9 6.9 6.8 6.9 7.4 



1N Acid Added since 1/22/04 mL 8 10 12 12 16 



1N Base Added since 1/22/04 mL 74 74 74 74 74 



Temperature ºF 90 92 90 92 90 



ORP mV <0 <0 -248 -50.3 34.8 



PO4-P mg/L 13 12 16.7 NA 4 



NH3-N mg/L >30 >30 >30 NA 30 
 



Acclimation Day 4 Day 7 Day 10 Day 14 Day 17 Day 21 
Date  2/6/04 2/9/04 2/12/04 2/16/04 2/19/04 2/23/04 



Time  15:30 11:00 9:45 9:30 10:10 9:00 



Reading Units       



Influent/Effluent Flow mL/min 6 7 7 4.3 9 8 



Recirculation Flow  mL/min 1,300 1,300 1,200 1,200 1,200 1,200 



Fluidized Bed Height cm 49 49 49 48 48 48 



pH s.u. 6.5 6.8 7.1 6.5 6.5 6.5 



1N Acid Added since 2/2/04 mL 7 10 27 30 30 36 



1N Base Added since 2/2/04 mL 19 26 27 50 50 52 



Temperature ºF 90 90 90 92 85.2 90 



ORP mV -130 -210 20 -211.6 -195 -198 



PO4-P mg/L NA NA 5.7 5 3.3 4 



NH3-N mg/L NA NA >30 18 15 10 
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Steady State  Day 1 Day 5 Day 8 Day 12 Day 19 
Date  2/26/04 3/1/04 3/4/04 3/8/04 3/15/04 



Time  8:45 9:30 9:20 9:15 9:10 



Reading Units      



Influent/Effluent Flow mL/min 6 7 4 7.5 3 



Recirculation Flow  mL/min 1,200 1,200 1,100 1,100 1,100 



Fluidized Bed Height cm 48 48 48 48 48 



pH s.u. 6.5 6.5 6.5 6.5 6.5 



1N Acid Added since 2/26/04 mL 38 0 4 6 14 



5N Base Added since 2/26/04 mL 67 11 15 21 43 



Temperature ºF 90 90 90 90 90 



ORP mV -212 -212.5 -220 -216 -223 



PO4-P mg/L 4 4 NA 4 6.6 



NH3-N mg/L 11 20 NA 30 >30 
cm – centimeters 
mL – milliliters 
mL/min – milliliters per minute 
mV - millivolts 
NA – not analyzed 
ORP – oxidation-reduction potential 
s.u. – standard unit 
ºF – degrees Fahrenheit 
> - greater than 
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Table 6-12  
On-Site Laboratory Monitoring Data for the BT1 Second Stage (Aerobic) FBR 



GAC Saturation Day 1 Day 1 Day 2 Day 2 Day 3 
Date  1/20/04 1/20/04 1/21/04 1/21/04 1/22/04 



Time  13:15 17:16 9:20 17:20 9:25 



Reading Units      



Influent/Effluent Flow mL/min 40 40 40 41 40 



Recirculation Flow  mL/min 1,300 1,300 1,300 1,300 1,300 



Fluidized Bed Height cm 51.5 51 51.5 51.5 51 



pH s.u. 6.7 6.7 6.7 6.6 6.6 



1N Acid Added since 1/20/04 mL 40 40 41 41 41 



1N Base Added mL 0 0 0 0 6 



Oxygen Flow  mL/min 8 10 0 0 0 



Oxygenator Height in 50 48 >60 68 68 



Room Temperature ºF NA NA NA NA NA 



Dissolved Oxygen  mg/L NA NA NA NA NA 



PO4-P mg/L NA NA NA NA NA 



NH3-N mg/L NA NA NA NA NA 
 



Inoculation  Day 0 Day 1 Day 4 Day 4 Day 5 
Date  1/22/04 1/23/04 1/26/04 1/26/04 1/27/04 



Time  18:15 8:20 8:40 16:15 8:30 
Reading Units      



Influent/Effluent Flow mL/min 0 0 0 0 0 



Recirculation Flow  mL/min 1,300 1,300 1,300 1,300 1,250 



Fluidized Bed Height cm 52 52 52 51 51.5 



pH s.u. 7.2 7 6.9 6.6 6.8 



1N Acid Added sine 1/22/04 mL 0 0 0 0 0 



1N Base Added sine 1/22/04 mL 0 1 12 20 20 



Oxygen Flow  mL/min 8 10 10 8 16 



Oxygenator Height in 64 60 66 66 70 



Room Temperature ºF NA NA NA NA NA 



Dissolved Oxygen  mg/L NA NA NA NA NA 



PO4-P mg/L NA NA NA NA NA 



NH3-N mg/L NA NA NA NA NA 
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Inoculation  Day 6 Day 7 Day 11 Day 11 Day 12 
Date  1/28/04 1/29/04 2/2/04 2/2/04 2/3/04 



Time  9:45 8:30 8:20 17:00 8:20 



Reading Units      
Influent/Effluent Flow mL/min 0 0 0 7 6 



Recirculation Flow  mL/min 1,300 1,300 1,300 1,300 1,300 



Fluidized Bed Height cm 52.5 52.5 54 51.5 52 



pH s.u. 6.8 6.8 6.8 6.6 6.5 



1N Acid Added sine 1/22/04 mL 0 0 0 0 0 



1N Base Added sine 1/22/04 mL 20 20 24 24 24 



Oxygen Flow  mL/min 10 12 15 8 10 



Oxygenator Height in 66 66 48 66 56 



Room Temperature ºF 63 63 -- 64 61.6 



Dissolved Oxygen  mg/L 5 3.37 0.14 2.55 3.16 



PO4-P mg/L >20 >20 >20 NA >20 



NH3-N mg/L >30 >30 >30 NA >30 
 



Acclimation Day 4 Day 7 Day 10 Day 14 Day 17 Day 21 
Date  2/6/04 2/9/04 2/12/04 2/16/04 2/19/04 2/23/04 



Time  5:30 11:00 9:45 9:30 10:10 9:00 
Reading Units       



Influent/Effluent Flow mL/min 6 7 7 4.3 9 8 



Recirculation Flow  mL/min 1,300 1,300 1,250 1,200 1,200 1,050 



Fluidized Bed Height cm 50 52 52.5 60 60 58 



pH s.u. 6.6 6.5 6.7 6.7 6.7 6.8 



1N Acid Added since 2/3/04 mL 2 2 2 2 2 2 



1N Base Added since 2/3/04 mL 96 262 852 1782 2412 3562 



Oxygen Flow  mL/min 7 8 6 <6 <6 14 



Oxygenator Height in 66 48 24 36 42 54 



Room Temperature ºF 71.4 63.8 64 64 62 69 



Dissolved Oxygen  mg/L 1.53 1.21 1.02 1.26 4.05 4 



PO4-P mg/L NA NA 1.67 2.3 1.6 1.6 



NH3-N mg/L NA NA 10 4 12 3 
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Steady State  Day 1 Day 5 Day 8 Day 12 Day 19 
Date  2/26/04 3/1/04 3/4/04 3/8/04 3/15/04 



Time  8:45 9:30 9:20 9:15 9:10 



Reading Units      



Influent/Effluent Flow mL/min 6 7 4 7.5 3 



Recirculation Flow  mL/min 1,100 1,100 1,100 1,050 850 



Fluidized Bed Height cm 67 73 56 62 53 



pH s.u. 6.6 6.8 6.5 6.7 6.7 



1N Acid Added since 2/26/04 mL 3 0 13 13 16 



5N Base Added since 2/26/04 mL 4,262 164 262 432 622 



Oxygen Flow  mL/min 16 <6 6 <6 8 



Oxygenator Height in 54 6 12 <1 30 



Room Temperature ºF 59.6 59.6 64 75.8 70 



Dissolved Oxygen  mg/L 3 3.39 6.7 7.9 0.8 



PO4-P mg/L 1.5 3 NA 2.7 5 



NH3-N mg/L 3 11 NA 14 19 
cm - centimeters 
in – inches 
mg/L – milligrams per liter 
mL – milliliters 
mL/min – milliliters per minute 
mV - millivolts 
NA – not analyzed 
s.u. – standard unit 
ºF – degrees Fahrenheit 











     



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 6-28



Table 6-13  
Onsite Laboratory Monitoring Data for the BT2 First Stage (Anaerobic) FBR 



GAC Saturation Day 7 
Date  2/19/04 



Time  15:25 



Reading Units  



Influent/Effluent Flow mL/min 30 



Recirculation Flow  mL/min 1,300 



Fluidized Bed Height cm 52 



pH s.u. 6.6 



1N Acid Added since 2/12/04 mL 8 



1N Base Added since 2/12/04 mL 64 



Temperature ºF NA 



ORP mV 400 



PO4-P mg/L NA 



NH3-N mg/L NA 
 



Inoculation  Day 6 Day 10 
Date  2/26/04 3/1/04 



Time  15:25 10:30 



Reading Units   



Influent/Effluent Flow mL/min 0 0 



Recirculation Flow  mL/min 1,200 1,100 



Fluidized Bed Height cm 48 48 



pH s.u. 6.5 6.7 



1N Acid Added sine 2/21/04 mL 2 2 



5N Base Added sine 2/21/04 mL 22 24 



Temperature ºF 90 91 



ORP mV -174 -220.1 



PO4-P mg/L 13.3 12.3 



NH3-N mg/L 18 30 
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Acclimation Day 4 Day 8 Day 11 Day 15 
Date  3/4/04 3/8/04 3/11/04 3/15/04 



Time  9:20 9:30 10:30 9:10 



Reading Units     



Influent/Effluent Flow mL/min 6 6.5 6 8 



Recirculation Flow  mL/min 1,250 1,250 1,150 1,100 



Fluidized Bed Height cm 48 49 49 47 



pH s.u. 6.6 6.8 6.6 6.5 



1N Acid Added since 3/1/04 mL 0 0 0 1 



5N Base Added since 3/1/04 mL 2 2 2 6 



Temperature ºF 90 90 93 90 



ORP mV -217 -215 -213 -217 



PO4-P mg/L 15 16.7 3.3 3.3 



NH3-N mg/L >30 >30 >30 30 
 



Steady State  Day 4 Day 8 Day 11 
Date  3/18/04 3/22/04 3/25/04 



Time  12:30 9:15 9:25 



Reading Units    



Influent/Effluent Flow mL/min 6.5 6.1 7.5 



Recirculation Flow  mL/min 1,150 1,200 1,200 



Fluidized Bed Height cm 47 48 47 



pH s.u. 6.8 6.6 6.5 



1N Acid Added since 3/15/04 mL 1 2 2 



5N Base Added since 3/15/04 mL 4 10 17 



Temperature ºF 90 90 90 



ORP mV 22.3 -70 -221 



PO4-P mg/L 1.5 NA 3 



NH3-N mg/L 30 NA 30 
cm – centimeters   mL – milliliters 
mL/min – milliliters per minute  mV - millivolts 
NA – not analyzed    ORP – oxidation-reduction potential 
s.u. – standard unit   ºF – degrees Fahrenheit 
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Table 6-14  
Onsite Laboratory Monitoring Data for the BT2 Second Stage (Aerobic) FBR 



GAC Saturation Day 7 
Date  2/19/04 



Time  15:25 



Reading Units  
Influent/Effluent Flow mL/min 30 



Recirculation Flow  mL/min 1,100 



Fluidized Bed Height cm 54 



pH s.u. 7 



1N Acid Added since 2/12/04 mL 0 



1N Base Added since 2/12/04 mL 0 



Oxygen Flow  mL/min 10 



Oxygenator Height in 12 



Room Temperature ºF NA 



Dissolved Oxygen  mg/L NA 



PO4-P mg/L NA 



NH3-N mg/L NA 
 



Inoculation  Day 6 Day 10 
Date  2/26/04 3/1/04 



Time  15:25 10:30 



Reading Units   



Influent/Effluent Flow mL/min 0 0 



Recirculation Flow  mL/min 1250 1250 



Fluidized Bed Height cm 53 54 



pH s.u. 6.6 6.7 



1N Acid Added sine 2/21/04 mL 16 16 



5 N Base Added sine 2/21/04 mL 42 60 



Oxygen Flow  mL/min 14 14 



Oxygenator Height in 44 60 



Room Temperature ºF 59.8 60 



Dissolved Oxygen  mg/L 6 5.8 



PO4-P mg/L 10 >16.6 



NH3-N mg/L 20 >30 
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Acclimation Day 4 Day 8 Day 11 Day 15 
Date  3/4/04 3/8/04 3/11/04 3/15/04 



Time  9:20 9:30 10:30 9:10 



Reading Units     



Influent/Effluent Flow mL/min 6 6.5 6 8 



Recirculation Flow  mL/min 1,200 1,200 1,200 1,200 



Fluidized Bed Height cm 62 65 65 70 



pH s.u. 6.9 6.5 6.7 6.5 



1N Acid Added since 3/1/04 mL 0 0 0 7 



5N Base Added since 3/104 mL 98 250 336 426 



Oxygen Flow  mL/min 10 <0 <6 10 



Oxygenator Height in 68 24 12 42 



Room Temperature ºF 64 75 75.2 70 



Dissolved Oxygen  mg/L <1 5.4 6.43 2.3 



PO4-P mg/L 12 16.7 3.3 2.6 



NH3-N mg/L >30 >30 30 25 
 



Steady State  Day 4 Day 8 Day 11 
Date  3/18/04 3/22/04 3/25/04 



Time  12:30 9:15 9:25 



Reading Units    



Influent/Effluent Flow mL/min 6.5 6.1 7.5 



Recirculation Flow  mL/min 1100 1050 1100 



Fluidized Bed Height cm 50 52 56 



pH s.u. 6.5 6.6 6.9 



1N Acid Added since 3/15/04 mL 8 8 9 



5N Base Added since 3/15/04 mL 82 220 325 



Oxygen Flow  mL/min <6 <6 <6 



Oxygenator Height in 48 48 48 



Room Temperature ºF 76.4 63.8 63 



Dissolved Oxygen  mg/L 6.23 8.55 8.45 
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Steady State  Day 4 Day 8 Day 11 
Date  3/18/04 3/22/04 3/25/04 



Time  12:30 9:15 9:25 



Reading Units    



PO4-P mg/L 0.4 NA 0.4 



NH3-N mg/L 18 NA 16 
cm – centimeters 
in – inches 
mL – milliliters 
mL/min – milliliters per minute 
mV – millivolts 
s.u. – standard unit 
ºF – degrees Fahrenheit 
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6.5 Performance Evaluation 
At the end of the steady state operations, the effluent from the aerobic FBR was collected and 
submitted for laboratory analysis to evaluate the performance of the BT1 and BT2 FBR Systems 
(Table 6-15).  The influent sample data reported in Table 6-15 is the same data presented in 
Table 3-1. 



Table 6-15  
Performance Evaluation Data for BT1 and BT2 FBR Systems  



Bench-Scale Tests BT1 BT2 
 Influent Effluent Influent Effluent 



Sample Name AB1-CHAR-001 
AERO_ STEADY 



DAY 19 AB2 CHAR 
AERO_ STEADY  



DAY 19 



Sample No. AB100-L001 
AB104-l012/ 
AB104-L014 



AB200-L001/ 
AB200-L002 AB204-L010 



Sample Date 12-Jan-04 15-Mar-04 6-Feb-04 2-Apr-04 



Parameter Units Result Result Result Result 



Alkalinity (as CaCO3) mg/L 56 780 74 560 



Ammonia (as N) mg/L 0.9 14 0.79 18 



Bicarbonate mg/L 68 950 90 680 



BOD mg/L 27 <20 690 32 



Carbonate mg/L <3 <3 <3 <3 



COD mg/L 1,400 190 1,400 300 



Chloride mg/L 140 NA 130 260 



Chromium, Hexavalent mg/L <0.05 NA <0.05 0.05 



Fluoride mg/L 3.1 NA 4.0 5.5 



Hydroxide mg/L <3 <3 <3 <3 



Nitrate mg/L 20 <0.2 19 5 



Nitrite as N mg/L 1.2 NA <5.0 0.1 



TOC mg/L 370 59 400 100 



Orthophosphate mg/L <0.05 4.9 <0.05 0.58 



p-CBSA mg/L 920 0.95 860 0.95 



Perchlorate µg/L 180 <2a 170 <2 



pH pH_units 7.5 8.2 6.3 7.2 



Phenols mg/L 0.14 NA 0.071 NA 



Specific Conductance mhos/cm 3,000 4,500 3,200 5,400 
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Bench-Scale Tests BT1 BT2 
 Influent Effluent Influent Effluent 



Sample Name AB1-CHAR-001 
AERO_ STEADY 



DAY 19 AB2 CHAR 
AERO_ STEADY  



DAY 19 



Sample No. AB100-L001 
AB104-l012/ 
AB104-L014 



AB200-L001/ 
AB200-L002 AB204-L010 



Sample Date 12-Jan-04 15-Mar-04 6-Feb-04 2-Apr-04 



Parameter Units Result Result Result Result 



Sulfate mg/L 1,300 NA 2,300 2,700 



Sulfide mg/L <0.1 <0.1 <0.1 <0.1 



Total Dissolved Solids mg/L 4,100 NA 5,100 NA 



Total Suspended Solids mg/L 15 NA 34 22 



1,4-Dioxane µg/L 29 82 28 220 



4,4'-Dichlorobenzophonone 
(TIC) µg/L 560 NI 120 NI 



4-Chloro-2-nitrophenol (TIC) µg/L 24 NI 11 NI 



Acetophenone (TIC) µg/L 33 NI NI NI 



Benzoic Acid (TIC) µg/L 65 NI NI NI 



Benzoic acid, 2-Choloro 
(TIC) µg/L 81 NI NI NI 



Bis(2-Ethylhexyl)Phthalate 
(TIC) µg/L <3 3.4 <3 NI 



Isophorone µg/L 14 <10 23 <10 



n-Nitrosodiethylamine (TIC) µg/L 0.018 <0.01 <10 NI 



n-Nitrosodimethylamine 
(TIC) µg/L 0.14 <10 0.34 NI 



Parachlorophenol (TIC) µg/L 44 NI NI NI 



1,2-Dichlorobenzene µg/L 14 <5 110 <5 



1,4-Dichlorobenzene µg/L <5 <5 19 <5 



1,1-Dichloroethane µg/L <5 <5 <5 8.6 



Acetone (TIC) µg/L NI NI 230 56 



Chlorobenzene µg/L 7.5 <5 520 <5 



Chloroform µg/L 12 <5 220 17 



cis-1,2-Dichloroethene µg/L <5 22 <5 110 
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Bench-Scale Tests BT1 BT2 
 Influent Effluent Influent Effluent 



Sample Name AB1-CHAR-001 
AERO_ STEADY 



DAY 19 AB2 CHAR 
AERO_ STEADY  



DAY 19 



Sample No. AB100-L001 
AB104-l012/ 
AB104-L014 



AB200-L001/ 
AB200-L002 AB204-L010 



Sample Date 12-Jan-04 15-Mar-04 6-Feb-04 2-Apr-04 



Parameter Units Result Result Result Result 



Ethylbenzene µg/L <5 <5 23 <5 



Tetrahydrofuran (TIC) µg/L NI 28 21 NI 



Methylene Chloride µg/L <30 <30 120 <30 



Trichloroethene µg/L 68 <5 610 <5 



Vinyl Chloride µg/L <5 <5 <5 5.8 
The contaminants listed are those detected above their reporting limits or were detected in other samples during the study. 
aNot measured in performance sample, but was less than the detection limit of 2 µg/L in other steady state samples (see Table 6-5)  
< – not detected at the stated reporting limit 
BOD – biological oxygen demand 
CaCO3 – calcium carbonate 
COD – chemical oxygen demand 
mhos/cm – reciprocal of milliohms per centimeter 
mg/L – milligrams per liter 
N – nitrogen  
NA – not analyzed 
NI – not identified 
p-CBSA – p-chlorobenzenesulfonic acid 
TIC – tentatively identified compounds 
TOC – total organic carbon 
µg/L – micrograms per liter  
 



The effluent from the aerobic reactor was collected for use as an influent for downstream BTs 
such as the Ion-Exchange and Ultraviolet Oxidation BTs. 
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7.0 Test Plan Parameters 



7.1 Variables  
The major variable conditions that were tested for the Sequential Anaerobic/Aerobic 
biotreatment process were the type and quantity of electron donor and the quantity of nutrients 
(orthophosphate and urea) supplied to the anaerobic FBR and HRT in the FBRs. 



7.2 Parameters 
Parameters measured in the field trailer during BT1 and BT2 were ammonia–nitrogen (NH3-N), 
phosphate–phosphorus (PO4-P), pH, and ORP.  The ammonia-nitrogen and phosphate-
phosphorous were monitored using Hach® test kits.  The pH and ORP were measured using 
hand-held probes. 



Parameters measured at an analytical laboratory included the contaminant concentrations.  The 
contaminant concentrations were determined using the analytical methods listed in Section 8. 



7.3 Deviations from Work Plan 
The major deviations from the Sequential Anaerobic/Aerobic Bench-Scale Test Work Plan were 
as follows: 



• Acetic acid was used as the electron donor for the anaerobic FBR in BT1 instead of 
ethanol.  This deviation was made to maximize the potential to reduce VOCs as well 
as perchlorate and to minimize the amount of microbial growth in this FBR. 



• The recycle flow rates in the FBRs were reduced to within the range of 
500 to 1,000 mL/min, as this flow rate was sufficient to fluidize the GAC bed. 



• 5N sodium hydroxide was used for pH adjustment in the aerobic reactors in order to 
reduce the potential for rapid pH swings during pH adjustment. 



• The GAC inoculate for the anaerobic FBR in BT2 included GAC from the anaerobic 
FBR from BT1.  This was done to decrease the acclimation period required to develop 
microbial growth. 
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8.0 Analytical Methods 



The analytical methods for the characterization analysis of the influent composite wastewater 
and the sequential biological treated effluent are given in Table 8-1.  All of the characterization 
analyses and the treated effluent analyses except for BOD, dissolved gases, and microbial 
characterizations were conducted by E.S. Babcock and Son Laboratories on a 48-hour turn-
around time. 



Table 8-1  
Chemical/Biochemical Analytical Methods 



Analysis Test Method 
VOCs w/TICs Method 8260B 



SVOCs w/TICs Method 8270C 



TDS Method SM2540C 



Volatile Suspended Solids  Method 160.4 



TSS Method SM2540D 



TOC Method SM5310B 



COD Method SM5220D 



BOD (5 days) Method SM5210B 



Anionsa Method 300 – IC 



Perchlorate Method 314 and 314 LC-MS/MS 



NDMA, NDEA Method 8270C SIM 



1,4 Dioxane Method 8270C SIM 



Hexavalent Chromium Method SM3500Cr D 



Pesticides Method 608/8081A 



Sulfate Toxicity Method 9020B 



pH Method 150.1 



Formaldehyde Method 8315 



Phenols Method 420.2 



Cyanide Method 335.2 



Oil & Grease Method 1664 



Electrical Conductivity Method SM2510 



Temperature Field Measurement 



p-CBSA EPA 300 and 314 











     
 
 



Table 8-1 (Continued)  
Chemical/Biochemical Analytical Methods 
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Analysis Test Method 
Dissolved Gases RSK 175 



Microbial Mass Characterization Toxicity Method 



Ammonia-Nitrogen SM4500 – NH3 



Orthphosphate Phosphorous SM4500 – PE 



Total Alkalinity, as Bicarbonate, as Carbonate SM2320B 
aAnions include fluoride, chloride, nitrite, nitrate, phosphate, and sulfate. 
BOD – biological oxygen demand 
COD – chemical oxygen demand 
IC – Ion Chromatography 
LC–MS/MS – liquid chromatography with tandem mass spectrometry 
NDEA – n-nitrosodiethylamine 
NDMA – n-nitrosodimethylamine 
p-CSBA – p-chlorobenzenesulfonic acid 
SIM – select ion monitoring 
SVOCs – semivolatile organic compounds 
TDS – total dissolved solids 
TICs – tentatively identified compounds 
TOC – total organic carbon 
TSS – total suspended solids 
VOCs – volatile organic compounds 
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8.1 Toxicity Evaluation  
A toxicity evaluation to test general toxicity to aerobic growth and potential anaerobic processor 
had to be determined for the BT1 and BT2 influents.  The industry standard “broth tube” growth 
inhibition/toxicity test was used to assess the growth inhibition/toxicity level of the BT influents.  
The industry standard “broth tube” growth inhibition/toxicity test is designed to determine the 
toxicity of the wastewater to general aerobic microorganisms.  The BT influent was diluted 
approximately 3:1, 10:1, 30:1, 100:1, 300:1, and 1,000:1 with sterile distilled water.  The 
undiluted and diluted water samples were then added to broth tubes along with a deionized water 
“positive control” tube, and two types of “killed control” tubes containing deionized water and 
undiluted groundwater with components added to inhibit microbial growth.  A concentrated 
nutrient solution was then added to the tubes along with a general microbial inoculum.  The 
tubes were capped and incubated while shaken at room temperature for 24 hours.  At 
18 and 24 hours, the turbidity of the solutions in the broth tubes was monitored and compared to 
the “positive control” (showing turbidity or growth) and “killed control” (showing no turbidity or 
growth) tubes.   



8.2 Anaerobic Optimization: Sampling and Analytical Methods 
A log was maintained to record liquid and gas flow rates, temperature, pH, ORP readings, and 
other pertinent operating data during the operation of the anaerobic laboratory FBR system.  
Feed and effluent grab samples were collected at least two times each week during Stage 1.  Feed 
and effluent samples were routinely analyzed for soluble COD and the target chemicals were 
analyzed using qualified U.S. Environmental Protection Agency (EPA) methods (Table 8-1).  In 
addition, effluent water samples were periodically analyzed (i.e., with less frequency) for total 
suspended solids (TSS), sulfides, and volatile fatty acids, and gas samples for carbon dioxide, 
ethane, hydrogen sulfide and methane.  Hach® test kit methods were also used to monitor FBR 
nutrient levels. 



8.3 Aerobic Optimization: Sampling and Analytical Methods 
A log was maintained to record liquid and gas flow rates, temperature, pH, ORP readings, and 
other pertinent operating data during the operation of the treatment system.  Feed and effluent 
grab samples from the unit were collected at least two times each week during Stage 2.  Feed and 
effluent samples were routinely analyzed for COD, and the target chemicals, including p-CBSA, 
were analyzed using qualified EPA methods (Table 8-1).  In addition, effluent water samples 
from the aerobic FBR were periodically analyzed (i.e., with less frequency) for TSS, sulfides, 
metals and volatile fatty acids, and gas samples for carbon dioxide and methane.  Hach® test kits 
were used to monitor nutrient levels.  Limited samples from aerobic reactor were collected and 
submitted for microbial characterizations.   
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9.0 Data Management 



Data management for the bench test included control of data, review of analytical and testing 
results, and manual compilation, organization, and entry of data into Excel spreadsheets for 
presentation and analysis.  All sampling and testing procedures were documented in bound 
sampling logs and laboratory notebooks.  Shaw Environmental, Inc. controlled these notebooks.  
Shaw Environmental, Inc. collected all data, including supplier and manufacturer information, 
data collection forms or sheets, and laboratory analytical reports. 



Data obtained from sampling logs, laboratory notebooks, data collection forms or sheets and 
testing laboratories were reviewed for correctness and reasonableness prior to use.  Data from 
commercial laboratories were managed and reviewed in accordance with Shaw Environmental 
Inc.’s sampling and analysis procedures to ensure data quality objectives were met and to 
determine any data qualification needs.  One hundred percent of data transcriptions were 
checked.  All calculations using software were verified independently, either by hand or by 
entering data of known results into the software. 



Data collected for the each test run were grouped and tabulated for summary presentation and 
examination.  Key process data from the test runs were also tabulated for summary presentation, 
examination, and overall process variable and performance determination.  The data on the 
biologically treated effluents were tabulated for summary presentation, examination, and overall 
process treatment efficacy. 



A summary of the analytical results are included in Appendix A.  A copy of the notebook pages 
and BT photos for the Sequential Anaerobic/Aerobic Biological Treatment Bench-Scale Tests 
are presented in Appendix B.  Appendix C provides all of the laboratory analytical reports.  
These analytical reports include a summary of the quality assurance and QC conducted during 
the analysis. 
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10.0 Data Analysis and Interpretation 



10.1 BT Influent Toxicity 
The standard “broth tube” growth inhibition/toxicity test indicated that the undiluted influents to 
BT1 and BT2 did not inhibit growth and were not toxic to anaerobic bacteria.  Therefore, no 
dilution of either influent was required. 



10.2 Stage 1:  Anaerobic FBR Setup, Acclimation, and Optimization Phases 
Measurement of the soluble COD indicated that the GAC for the anaerobic FBR for BT1 was 
saturated and ready for the biological treatment to begin within 4 days (Table 6-1).  Similar 
measurements for BT2 indicated that the GAC for the anaerobic FBR was saturated and ready to 
begin within 7 days (Table 6-2).  The saturation times are within the typical range for FBRs.    



Once the GAC was loaded with the constituents of the influent mixture, the anaerobic FBR for 
BT1 was inoculated with seed bacteria from a confidential perchlorate treatment facility and 
from a chloroethene-contaminated groundwater treatment system at North Island Naval Air 
Station in Coronado, California.  Twelve days was required for the inoculated bacteria to become 
attached to the GAC and attain sufficient growth (based on visual observation of the fluidized 
bed) (Table 6-1).  This was within the expected time frame to establish an anaerobic culture.  For 
BT2, the anaerobic FBR was inoculated with GAC from BT1.  Only 8 days were required for the 
bacteria to attain sufficient growth for BT2, since the inoculum was from a reactor acclimated to 
a similar feed material (Table 6-2). 



Acclimation began once continuous feeding of the influent mixture was introduced at a rate of 
6.7 mL/min to the anaerobic FBR.  The acclimation phase for BT1 anaerobic FBR was 17 days, 
while it was 15 days for BT2.  The length of the acclimation phase was based on the perchlorate 
results for the anaerobic FBR from BT1 (Table 6-1).   



Both acetic acid and lactic acid have “historically” been shown to support efficient VOC and 
perchlorate reduction down to non-detect levels.  However, for a given water source, there is 
always the possibility that “tried-and-true” electron donors will not perform “historically”, 
especially for waters containing many other toxic compounds.  Therefore, the choice of electron 
donor was included as a process variable to be investigated during the study.  Larger molecules 
such as lactate and benzoate (i.e., more “complex” food sources) have, in general, been shown to 
support general VOC reduction better than less “complex” food sources (i.e., smaller molecules 
such as acetate), with less production of methane.  Since the feed water source for BT2 had a 
higher VOC content than the feed water source for BT1, lactic acid was used as the electron 
donor for the BT2 study, while acetic acid was used for the BT1 study. 
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The feed rate of 6.7 mL/min was equal to an initial HRT of 2.5 hours in the 1,000-mL reactor 
volume.  Attempts were made to reduce the HRT during the acclimation phase.  However, 
reducing the HRT below 2.5 hours in the anaerobic FBR for either BT1 or BT2 caused the ORP 
to rise in the FBR.  This rise in ORP suggested that anaerobic conditions could not be maintained 
in the anaerobic FBRs at HRTs lower than 2.5 hours without adding acetic or lactic acid.  Since 
the initial HRT was less than the target HRT of 5 hours for full-scale FBRs, HRT in the 
anaerobic FBR for BT1 and BT2 was maintained at 2.5 hours. 



10.3 Stage 2:  Aerobic FBR Setup, Acclimation, and Optimization Phases 
Seven days were required for the bacteria in the aerobic FBRs to attain sufficient growth.  This 
was within the expected time frame to establish an aerobic culture and may have been facilitated 
by the addition of a small amount of anaerobic effluent to the seed bacteria from a confidential 
wastewater treatment facility.   



Following the inoculation period, continuous feeding of the influent mixture at a rate of 
6.7 mL/min from the anaerobic FBR was begun to allow acclimation.  The acclimation phase for 
BT1 aerobic FBR was 20 days, while it was 15 days for BT2.  The length of acclimation time 
was based on the p-CBSA results for the aerobic FBRs (Tables 6-3 and 6-4). 



The only HRT tested in the aerobic FBRs was 2.5 hours, since the HRT in the anaerobic reactor 
could not be decreased below 2.5 hours.  However, this initial HRT was less than the target HRT 
of 5 hours for full-scale FBRs, so there was no full-scale impact caused by not being able to test 
lower HRTs.   



10.4 Stage 3:  Steady State Operation Phase 
Analysis of the effluents from the anaerobic and aerobic FBRs from BT1 indicated that the 
perchlorate and p-CBSA were continuing to be degraded (Table 6-5).  Analysis of the effluents 
from the anaerobic and aerobic FBRs from BT2 indicated that the perchlorate, p-CBSA, and 
VOCs were continuing to be degraded (Table 6-6).   



Significant volatile organics are also emitted from the anaerobic/aerobic biotreatment 
(Tables 6-7 and 6-8).  These emissions indicate that contaminant loss is occurring by 
volatilization or air stripping.  The presence of 1,1,1-trichloroethane, 1,1-dichloroethane, 
1,1-dichloroethene, cis 1,2-dichloroethene and VC in the vapor phase collected from the 
bioreactors indicate that the breakdown products from the biotreatment of the chlorinated 
volatiles are also lost.  Tables 10-1 and 10-2 summarize the extent of volatilization loss.  The 
volatilization losses in these tables were calculated by dividing the mass of contaminant 
collected in the Tedlar® bag (based on the vapor phase analyses) by the mass of contaminant 
entering the reactor (based on reactor influent analyses) for that day of operation.  Less 
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volatilization appeared to occur in the aerobic FBRs for BT1 and BT2, probably because most of 
the biotreatment of chlorinated volatiles was completed in the anaerobic FBRs. 



Table 10-1  
Volatilization Losses from the BT1 FBRs 



Sample Name 



ANAER_ 
ACCLIM  
DAY 7 



ANAER_ 
ACCLIM  
DAY 14 



ANAER_ 
ACCLIM 
DAY 21 



ANAER_ 
STEADY 
DAY 5 



ANAER_ 
STEADY 
DAY 20 



Sample No. AB103-L100/L101 AB103-L105/L106 AB103-L108 AB103-L109 AB103-L112 



Sample Date 9-Feb-04 23-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Percent of Influent Concentration Volatilized 



Chloroform 9.8 9.4 -- 11.1 6.1 



Trichloroethene 11.5 15.5 -- 15.1 13.1 



Sample Name 



AERO_ 
ACCLIM 
 DAY 6 



AERO_ 
ACCLIM  
DAY 13 



AERO_ 
ACCLIM 
DAY 13 



AERO_ 
STEADY 
DAY 5 



AERO_ 
STEADY 
DAY 20 



Sample No. AB103-L102 AB103-L104 AB103-L107 AB103-L110 AB103-L113 



Sample Date 9-Feb-04 16-Feb-04 23-Feb-04 1-Mar-04 16-Mar-04 



Parameter Percent of Influent Concentration Volatilized 



Chloroform 4.6 2.8 3.8 4.0 3.1 



Trichloroethene 2.3 0.9 1.2 2.0 0.9 
The volatilization loss could only be calculated for these contaminants as they were present in both the influent and the vapor phase 
during the study.  



Table 10-2  
Volatilization Losses from the BT2 FBRs 



Sample Name 
ANAER_ STEADY  



DAY 2 
ANAER_ STEADY 



DAY 16 
AERO_ STEADY  



DAY 16 
Sample No. AB203-L103 AB203-L106 AB203-L107 



Sample Date 16-Mar-04 30-Mar-04 30-Mar-04 



Parameter Percent of Influent Concentration Volatilized 



Chloroform 1.6 1.2 0.5 



Trichloroethene 3.6 3.5 0.2 
The volatilization loss could only be calculated for these contaminants as they were present in both the influent and the vapor phase 
during the study.  
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Since the BTs were performed under steady feed flow conditions, it is difficult to discuss process 
stability with respect to influent variability.  However, in general, GAC-based FBRs are very 
stable to feed flow variability because the combined mechanisms of physical adsorption (with 
respect to electron donor, VOCs and other organics such as p-CBSA) and degradation tend to 
maintain a steady supply of food for the microorganisms growing as a film on the media, even 
under varying load conditions.  During periods of low load, already adsorbed material will tend 
to be desorbed and degraded.  Likewise, during periods of higher load, what is not degraded will 
tend to be adsorbed until the load drops again.  The result is a relatively steady effluent quality 
under varying loads.  The GAC media also tends to buffer the microbes against severe toxic 
shocks. 



10.5 Performance Evaluation 
The performance evaluation sample from BT1 indicated that the COD and TOC were reduced 
86 percent and 84 percent, respectively, by the sequential anaerobic/aerobic biological treatment 
(Table 6-15).  The BT1 treatment reduced the p-CBSA by 99 percent.  Since the data in 
Tables 6-1, 6-3, and 6-5 indicate that p-CBSA is being degraded aerobically, the most likely 
degradation product would be chlorobenzene, which is then further biodegraded in the aerobic 
FBR.  The BT1 treatment appeared to reduce the TCE by greater than 92 percent, though this 
amount is not corrected for any volatilization loss that may have occurred.  The data in 
Table 10-1 indicates that 15 to 20 percent of the TCE reduction may have been caused by 
volatilization.  Figure 10-1 illustrates the reductions attained during BT1.  The BT1 biotreatment 
caused an apparent increase in 1,4-dioxane and cis-1,2-DCE.  The increase in cis-1,2-DCE may 
be caused by the degradation of TCE.  The SAAB BT1 biotreatment was not optimized to 
completely dechlorinate the chlorinated volatiles and were operated in a more anoxic than fully 
anaerobic state.  Under these anoxic conditions, the cis-1,2-DCE and VC will be present in the 
both the SAAB effluent water and off-gas, increasing the need for liquid and vapor phase carbon 
adsorption or other treatment of the effluent and off-gas from the SAAB.  During subsequent 
pilot testing of the SAAB, higher addition of the carbon source will be explored to determine if 
increased anaerobic conditions will result in lower levels of the partial dechlorination products 
can be reduced.  However, due to the high sulfate loading conditions from the p-CBSA 
treatment, sulfate reducing conditions will need to be avoided to prevent the generation of 
hydrogen sulfide.  The cause of the apparent increase in 1,4-dioxane is not known. 











     



IrvWP-M:\SStaff\LSaska\Final NPTP docs\Bench-Scale Testing\SAAB\Shaw Original\SAAB BTSR.docSequential Biological BTSR 
12.27.04    Revision 2 - December 2004 10-5



Figure 10-1  
Contaminant Reductions for BT1 Biotreatment 
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The performance evaluation sample from BT2 indicated that the BOD, COD, and TOC were 
reduced 95 percent, 79 percent, and 75 percent, respectively, by the sequential anaerobic/aerobic 
biological treatment (Table 6-15).  The BT2 sequential anaerobic/aerobic biotreatment process 
reduced the perchlorate by 99 percent, to less than 2 ppb.  The BT2 treatment reduced the 
p-CBSA by 99 percent.  The BT2 biotreatment decreased 1,2-dichlorobenzene, 
1,4-dichlorobenzene, chlorobenzene, chloroform, ethylbenzene, methylene chloride, and TCE by 
greater than 95 percent, greater than 94 percent, greater than 99 percent, 92 percent, greater than 
78 percent, greater than 75 percent, and greater than 99 percent, respectively.  The reductions in 
volatile organics include volatilization losses, which may account for 15 to 20 percent of the 
reductions.  Figure 10-2 illustrates the reductions.  The BT2 biotreatment caused an apparent 
increase in 1,4-dioxane, cis-1,2-DCE, and VC.  The increase in cis-1,2-DCE and VC may be 
caused by the degradation of TCE.  The SAAB BT2 biotreatment was not optimized to 
completely dechlorinate the chlorinated volatiles and were operated in a more anoxic than fully 
anaerobic state.  Under these anoxic conditions, the cis-1,2-DCE and VC will be present in the 
both the SAAB effluent water and off-gas, increasing the need for liquid and vapor phase carbon 
adsorption or other treatment of the effluent and off-gas from the SAAB.  During subsequent 
pilot testing of the SAAB, higher addition of the carbon source will be explored to determine if 
increased anaerobic conditions will result in lower levels of the partial dechlorination products 
can be reduced.  However, due to the high sulfate loading conditions from the p-CBSA 
treatment, sulfate reducing conditions will need to be avoided to prevent the generation of 
hydrogen sulfide.   The cause of the apparent increase in 1,4-dioxane is not known. 



The effluents from the sequential anaerobic/aerobic biotreatment had increased bicarbonate, 
resulting in increased alkalinity and pH.  Excess nutrients (ammonia and orthophosphate) were 
also detected in the effluents. 



Based on the influent contaminant data (Table 6-15), the aerobic FBR effluent contaminant data 
at the end of steady state (Table 6-15), and the vapor phase data for closest to the end of steady 
state (Tables 6-7 and 6-8), a mass balance for a 24-hour period was calculated and is presented in 
Table 10-3.  Evaluation of this mass balance is complicated by both the volatilization of 
contaminants present in the influent material and the formation of byproducts from partial 
dechlorination of contaminants.  
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Figure 10-2  
Contaminant Reductions for BT2 Biotreatment  
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Table 10-3  
Mass Balances for the BT1 and BT2 FBR Systems 



Bench-Scale Tests BT1 BT2 
Phase  Influent Effluent Vapor Influent Effluent Vapor 



Parameter Unit Result (over a 24 hour period during the BT) 



p-CBSA mg 8,876 9.16 -- 8,297 9.16 -- 



Perchlorate µg 1,737 -- -- 1,640 <19.3 -- 



1,4-Dioxane µg 279.8 791.1 -- 270.14 2,123 -- 



Isophorone µg 135.1 <96.5 -- 221.9 <96.5 -- 



n-Nitrosodiethylamine µg 0.17 <0.096 -- -- -- -- 



n-Nitrosodimethylamine µg 1.35 <96.3 -- 3.28 -- -- 



1,1,1-Trichloroethane µg -- -- 3.92 -- -- 51 



1,1,2-Trichlorotrifluoroethane µg -- -- 0.73 -- -- 2.91 



1,1-Dichloroethane µg <48.2 <48.2 10.5 -- -- 28.7 



1,1-Dichloroethene µg <48.2 <48.2 24.5 -- -- 40.8 



1,2-Dichlorobenzene µg 135.1 <48.2 -- 1,061 <48.2 -- 



1,4-Dichlorobenzene µg <48.2 <48.2 -- 183.3 <48.2 -- 



Acetone µg -- -- 0.65 -- 540.3 -- 



Chlorobenzene µg 72.4 <48.2 -- 5,017 <48.2 -- 



Chloroform µg 115.8 <48.2 10.8 2,122 <48.2 37.7 



cis-1,2-Dichloroethene µg <48.2 212.3 122.5 <48.2 1,061 281.1 



Ethylbenzene µg <48.2 <48.2 -- 221.9 <48.2 -- 



Hexachlorobenzene µg -- -- 13.02 -- -- 4.51 



Methylene Chloride µg <48.2 <48.2 1.97 1,158 <48.2 2.08 



N,N-Dimethylacetamide µg -- -- 49.6 -- -- 2.82 



Phenol µg -- -- 6 -- -- 0.91 



Tetrahydrofuran µg -- 270.1 -- -- -- -- 



Toluene µg <48.2 <48.2 0.42 <48.2 <48.2 1.13 



trans-1,2-Dichloroethene µg <48.2 <48.2 0.98 <48.2 <48.2 8.33 



Trichloroethene µg 656 <48.2 50.4 5,885 <48.2 116.7 



Vinyl Chloride µg <48.2 <48.2 157.3 <48.2 56 51 
The mass balance assumes 6.7 mL/min flow through the FBRs for 24 hours.  
mg – milligrams 
µg – micrograms 
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10.6 Scaleup and Evaluation 
The anticipated A-, B-, and F-stream flows to be treated are 35, 50, and 15 gallons per minute, 
respectively.  The influent water for the BT1 and BT2 studies was formulated based on these 
anticipated flows (Section 3.2).  The 2003 Revised NPTP Pre-Bench Scale Testing Conceptual 
Process Evaluation Report (CPER 2003) anticipated that the 100-gallons per minute effluent 
from the Anaerobic/Aerobic FBR system would be blended with the combined C- and D-streams 
(80 gallons per minute) for removal of perchlorate via anoxic biotreatment or ion exchange.  
However, because of the high levels of perchlorate removal observed during the BT1 and BT2 
testing, it is now anticipated that anoxic biotreatment or ion exchange will not be required, and 
the C- and D-streams may be blended with the A-, B-, and F-streams before FBR treatment (i.e., 
total flow of 180 gallons per minute).  The C- and D-streams are dilute with respect to p-CBSA, 
but are similar to the BT1/BT2 influents with respect to perchlorate, nitrate, and VOC 
concentrations.  Therefore, the full-scale blended stream will have similar concentrations of 
perchlorate, nitrate, and VOCs as the BT1 and BT2 influents.  However, the influent p-CBSA 
concentration will be reduced from 890 mg/L (average from Table 3-1) to 495 mg/L after 
blending, and the total organic carbon concentration in the influent will be similarly reduced 
from 385 mg/L (average from Table 3-1) to approximately 215 mg/L (assuming p-CBSA makes 
up the majority of the total organic carbon present). 



In order to produce the same effluent quality with respect to perchlorate and VOCs as was 
observed during the BT1 and BT2 testing, the full-scale anaerobic FBR should be designed for 
the same HRT of 2.5 hours (with respect to the initial expanded bed volume) used during the 
BT1 and BT2 studies.  In order to produce the same effluent quality with respect to p-CBSA, the 
full-scale aerobic system should be designed at the same total organic carbon (and consequently 
p-CBSA) loading used during the BT1 and BT2 studies (3.7 kilogram of total organic carbon per 
day per cubic meter of initial expanded bed).  Using these values, the preliminary full-scale 
Anaerobic/Aerobic FBR system components for treatment of 180 gallons per minute of the 
combined A-, B-, C-, D-, and F-streams are as follows: 



• Anaerobic FBR tank—17 feet in diameter by 28 feet tall, with an initial expanded 
GAC bed height of 14.5 feet 



• Anaerobic FBR fluidization pump skid 



• Electron donor (lactic or acetic acid) addition system, including tank 



• Aerobic FBR tank—14 feet in diameter by 24 feet tall, with an initial expanded GAC 
bed height of 12.5 feet (gravity flow from anaerobic FBR to aerobic FBR) 



• Aerobic FBR fluidization pump skid 



• Aerobic FBR oxygen generation system, including air compressor 
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• GAC collection tank—14 feet in diameter by 24 feet tall (to collect and return GAC 
that escapes the aerobic FBR system caused by high biomass inventory) 



• Nutrient addition and pH control (i.e., caustic) skid, including provisions for tanks 
and/or totes 



Effluent flow from the Anaerobic/Aerobic FBR system will be via gravity from the top of the 
GAC collection tank to additional unit operations for solids removal.  The FBR system effluent 
is expected to contain between 100 and 125 mg/L of total suspended solids in the form of 
biological solids.  These solids will need to be removed prior to processing the water through 
additional downstream processes (such as advanced oxidation process treatment, 
ultraviolet/oxidation, etc.).  Options for solids removal include dissolved air floatation (DAF), 
which will likely produce an effluent with a nephelometric turbidity unit (NTU) of between 
50 and 75, or sand-assisted clarification, which will likely produce an effluent with an NTU of 
between 35 and 50.  Sand-assisted clarification would be recommended.  In both cases, the 
effluent overflow from the GAC collection tank would be discharged to a flash mixing tank for 
coagulant (i.e., ferric chloride, etc.) blending and a slow mix tank for polymer blending prior to 
processing through the solids removal step.  If additional solids removal is necessary, then 
pressure sand filtration will be required as a secondary stage.  Solids from these operations can 
either be removed directly from the site via tanker truck, or can be further concentrated via a 
thickener, and then dewatered.  Clarified effluent would be discharged from the solids removal 
steps to an effluent storage tank for pumping to the next unit operation. 



Vapor treatment of the off-gas from the FBRs can be achieved using either vapor phase carbon 
or a biofilter.  The use of vapor phase carbon would be recommended at this point.  However, 
evaluation of biofiltration of the off-gas from the FBRs should be included during pilot testing.  
A process flow diagram, Figure 10-3 shows one train of the sequential biological treatment of 
groundwater. 
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Figure 10-3  
Process Flow Diagram – Sequential Biological Treatment 
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10.7 Estimated Cost 
The estimated budgetary capital cost estimate for the 180 gallons per minute full-scale 
Anaerobic/Aerobic FBR system as described above is $10,970,000.  This estimated cost reflects 
a total installed system cost based on the assumptions listed below.   



Based on experience with the design and operation of industrial wastewater treatment plants, 
Table 10-4 lists the rough-order-of-magnitude (ROM) capital, labor, consumables (sodium 
hydroxide, electron donor, nutrients), and utility costs per gallon treated associated with the FBR 
system.   



Table 10-4  
Rough-Order-of-Magnitude Costs for the Anaerobic/Aerobic FBR Treatment 



Cost Category Cost ($/gallon) 
Capital $0.006 



Labor $0.003 



Consumables $0.004 



Utilities $0.004 



Total Cost for Anaerobic/Aerobic FBR Treatment $0.017 
 



 
Several assumptions were made in developing these costs.  These assumptions included the 
following: 



• A flow rate of 180 gallons per minute for 24 hours per day (A total of 259,200 gallons 
treated per day) 



• The capital costs were based on the equipment above with a 20-year lifespan 
(1,892 million gallons treated) 



• The labor hours to operate this process unit was 24 hours per day, 365 days per year, 
at a burden rate of $39/hour 



• 0.37 gallons per minute of 50-percent caustic solution would be required to treat the 
nominal 180 gallons per minute (a delivered cost of $1.10 per gallon was assumed) 



• 0.02 gallons per minute of electron donor, at a cost of $10 per gallon delivered, would 
be required to treat the 180 gallons per minute flow 



• 0.035 pounds of urea, at a cost of $0.07 per pound delivered, and 0.0055 gallons per 
minute of technical grade phosphoric acid, at a cost of $5 per gallon, would be  
required to treat the 180 gallons per minute flow 
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• Vapor phase activated carbon was assumed necessary for off-gas treatment.  A loading 
of 0.15 pounds of VOCs per pound of vapor phase activated carbon (4 cents per 
pound) was assumed, based on TCE 



• Utilities were based on 10 cents per kilowatt-hour for electricity 



• No infrastructure or site improvement costs were included  



• No administrative (e.g., oversight, sampling) costs associated with plant operations 
were included 
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Figure 1  
SAAB1 Apparatus Setup After Carbon Saturation 



 
 



Figure 2  
Nutrient Pump and Temperature Controller 
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Figure 3  
SAAB1 BT System 



 
Figure 4  
SAAB2 Anaerobic Bio Growth 
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Figure 5  
SAAB2, Steady State (Day 11) 



 
Figure 6  
SAAB2, Steady State (Day 18) 



 
  












 
Hi Tej,
 
I was asked about the results of a fluidized reactor treatment bed study for pCBSA that was conducted at Stringfellow roughly ten years ago.
 Can you send the summary report? Again this inquiry is not related to Stringfellow but pCBSA issues at another Superfund site.
 
Thanks
Daewon Rojas-Mickelson, EIT
Remedial Project Manager
US EPA Region 9
(415) 947-4191
 
 





